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The standard, natural-circulation, C-E Package Boiler 
—Type VP 
per hr, and with pressures and temperatures to 700 psi 
and 750 F 

Where greater steaming capacity is required, or where 
» needed for indus- 


is now available with capacities to 90 000 Ib 


higher pressures or temperatures art 
trial processing or power generation, the shop-assembled 
C-E Controlled Circulation Boiler—T ype PCC—is available. 
It is designed for the 80,000-to-120,000-lb capacity range, 
with pressures to 1000 psi and temperatures to 900 F. 
For special applications, this unit is also available for 
considerably higher pressures and temperatures. 


The C-E High-Temperature Water Boiler—Type HCC— 
is an ideal type for large space-heating and certain 


. temperatures to 900 F 


process uses. It is also available in shop-assembled form 
for capacities to 50 million Btu per hr. It is designed for 
pressures to about 500 psi, and can provide water at 
150 F or higher 

The new, high-capacity ranges of these shop-assem- 
bled units represent the logical evolution of familiar and 
successful designs that have been proved in service for 
quality, economy and performance. 


Catalogs on any or all of these units available on request. 
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Liquip. LEVEl 
INDICATOR 
—- oo 


any way you look at if... 


YARWAY REMOTE LIQUID LEVEL INDICATOR 
GIVES BRIGHT, INSTANT, ACCURATE READINGS 


On its brilliant “wide vision” dial you can clearly read For details on construction, operation, installation 
the level from any point in a 180° arc—and from a and typical hook-ups, write for Yarway Bulletin RI-1825. 
considerable distance 
YARNALL-WARING COMPANY 
Remote readings of levels in boilers, feed water 100 Mermaid Ave., Philadelphia 18, Pa. 

heaters and other heat exchangers are instant and accu- 

ae _—s senate BRANCH OFFICES IN PRINCIPAL CITIES 
rate because indicator operating mechanism is actuated 
by the varying head of the liquid itself, yet the pointer 


mechanism is never under pressure. 


Yarway Indicators may be arranged to operate re- 
mote Yarway Electronic Secondary Indicators or remote 
Hi-Lo Alarm Signals (lights or horns) located any- 
where in the plant. 
° ' A MARK OF QUALITY 
A record of nearly 13,000 successful installations IN STEAM: ENGINEERING 
speaks for itself. 
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Division of 
Union Tank Car Company 


216 WEST 14TH STREET, NEW Y 


TO: 
FROM: 
SUBJECT: 





inter-Organization Correspondence 


General Manager 
Technical Director 


Review of Reactivator History 


Approaching the 20th anniversary of the Reactivator we would like to 
Summarize briefly its rise to the leading position among solids-contact 
water clarifiers and softeners. From the beginning, two basic elements 
were incorporated in the Reactivator design: positive sludge 
recirculation and mechanical sludge removal over the entire bottom area. 
Twenty years have confirmed the soundness of these original concepts. 


By a constant effort to improve design performance, some important 
modifications have been made. (1) The method of inducing solids-contact 
was changed from air to impeller-pump to produce gentle and effective 
sludge recirculation. (2) The geometry of the machine was modified to 
get the best conditions for separation of solids from water. 

3) Increased knowledge of sludge characteristics led to the redesigning 
of the sludge removal system. 


As a result of these changes the Reactivator is able to provide: 

(1) solids-contact with the highest concentration of solids for the 
longest period of time; (2) an increase in throughput rate up to 

24-3 gpm/sq. ft., in certain cases; (3) more reliable and efficient 
mechanical sludge removal; (4) outstanding surge-proof characteristics. 


Probably the most significant work in our program to improve the machine 
has been our very extensive field studies. We have had the opportunity 
to work with units from 8 to 125 ft. round and square on applications 

as widely divergent as...clarifying Arctic tundra lake water...softening 
and clarifying Mississippi and Colorado River waters...reducing color 

in Louisiana bayou water...treating hard, clear midwestern deep well 
Supplies, and many more. The complete story of these applications is 
contained in our new Reactivator Bulletin WC=-103C. 


The sum total of our experience and knowledge has gone to make the 
present-day Reactivator the most versatile and reliable solids-contact 
unit on the market. It is gratifying to all of us to have participated 
in the development of such a machine. 


Technical Director 





Matched Electrical Sets 


You wouldn't use a 5 h.p. motor to run a pump that required 
only one h.p. Similarly, electrical sets should be matched to 
the requirements of the specific job. Electrical sets should be 
sized according to gas conditions, dust conditions, and other 


operating characteristics, and in accord with manufacturers’ 


past experience on similar installations. Don’t be misled by 


. ¥ , . . . * . 5 HP 1 HF 
high KVA ratings on the electrical sets. The precipitator will MOTOR PUMP 


only absorb a certain amount of power and the sets should be 
sized accordingly. A large excess of installed power, which will 


never be used, means inefficient use of the equipment. 


Varied Electrical Conditions 


Electrical conditions in a precipitator can vary widely at dif- 





ferent parts of the precipitator. For instance, a high voltage, 








low current condition usually prevails at the inlet where the 


dust load is high, as compared to a lower voltage higher current 














condition at the outlet. Consequently, it is good design (and a 











necessity for high efficiency) to furnish several electrical sec- OUTLET 





tions in series, with energization from separate electrical sets INLET AND OUTLET 


so that each section can be adjusted to best suit the conditions. 


Gas Distribution 


Remember that gas distribution, gas baffling, and provision 
against hopper sweeping all have a large influence on collec- 
tion efficiency. The gas flow system should be analyzed as closely 


as possible, both in the precipitator and in the associated duct- 





work, If in doubt, have a three-dimensional gas flow study made. 
Two-dimensional gas flow studies are not as accurate and may 


lead to erroneous conclusions. 3 DIMENSION M 


RESEARCH-COTTRELL, INC. Main Office and Piant: Bound Brook, New Jersey 





TOO HARD JUST RIGHT Rapping intensity 
, 


Rappers should have easy means to vary the intensity of the 
blow to suit variations in operating conditions. A pre-set inten- 
sity setting cannot possibly give proper rapping over the normal 
range of operation. If too soft, build-up will occur which will 
disturb electrical conditions. If too hard, there will be reen- 
\ trainment. Means of intensity adjustment are necessary to avoid 
drop-off of precipitator efficiency as conditions change. 








DUST DUST 
RE-ENTRAINED COLLECTED 


Corona Discharge 


It is a relatively easy matter to obtain a corona discharge in 
an electrostatic precipitator. Many types of discharge electrodes 
have been used over the past forty years, including ribbons, 
squares, twisted squares, star shaped sections, coiled wires, wires 
with prongs and projections, most of which give entirely ade- 
quate corona conditions. Final choice then gets down to me- 
chanical factors such as strength of wire, method of support 
to avoid stress points, and ease of handling. There are many 





WEIGHTS 
o ~ claims made for various types of wires but after investigating 


and testing hundreds of different kinds, we find a straight 
round wire about .1” diameter to be best. 
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SMOOTH FLOW—EVEN DISTRIBUTION iY ffi D ig 
a . affle Design 
——— 4 7 


— ST os yP 


~ a 
) 





Careful attention to the design of bafles on the collecting plates 
is most important. Small amounts of reentrainment mean tre- 
) mendous differences in over-all collection efficiencies. It is seen 





—— that the “quality” of the collecting surface is far more impor- 


pee 


4 Ns tant than quantity — quantity (sq. ft. of surface or treatment 


time) in itself is not a criterion of performance. 


-COTTRELL 


Representatives in all major cities of U.S. and Canada 





5 gen RE’S no substitute for a S-E-Co. CONICAL Coal Distributor — it’s truly non- 
segregating. You can rely on Stock Equipment Company's attention to details of 
design, layout, and fabrication, backed by years of specializing in this field. Be sure the 
distributor you buy will do the job it’s supposed to do — help your stokers operate more 


efficiently and economically. Get a S-E-Co. CONICAL Non-Segregating Coal Distributor. 


‘ 
Manufacturers of SE Co = STOCK Equipment Company 


Scales. Coal Vaives, Coa 
Alarms, CONICAL Di 


and Underbunker Conveyor | 745-C HANNA BLDG., CLEVELAND 15, OHIO 
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DAMPNEY COATINGS 
LIVE WITH IT! 


True measure of a high-heat coating’s worth is continuous 
operation at rated temperature. Yet many so-called “heat- 
resistant” coatings take only occasional peaks — fail rapidly 
in ‘round-the-clock service. 

Dampney coatings are rated always for day in, day out'opera- 
tion at maximum temperatures. Hold them to it, if schedules 
call for steady heat, or let them fluctuate to ambient and back. 
Either way, Dampney silicones and ceramics give you full 
protection — with plenty in reserve. 


Most important, Dampney coatings are selected to meet specific 
conditions of operation, temperature and corrosive environ- 
ment. Thus they establish a lasting foundation easily maintained 
and permanently ending time-consuming and costly surface 
preparation. 


Repeat orders — from a typical customer, 26 in 12 months for 
enough material to protect 1,929,000 square feet of steel — is 
the best evidence we have that when industry wants honest 
high-temperature coatings, it remembers Dampney silicones and 


ceramics, identified by the two trade names, DAMPNEY and 
THUR-MA-LOX. 


We suggest you do likewise when you want real protection — 
resistant to 1000°F., to atmospheric corrosion, and to weather 
exposure — for these industrial hot spots .. . 


stacks and breechings 

steam lines 

kilns 

forced and induced draft fans 
heat-treating furnaces 
autoclaves and retorts 


turbine interiors 

precipitators 

coke ovens 

incinerators 

pulverizers 

blast and open hearth furnaces 


Remember, too, the first Dampney trade name and product, 
known and used today the world around, APEXIOR 
NUMBER | for boiler interiors. For all hot metal, wet or dry, 


the best protection available is made and marketed by 





MAINTENANCE 
FOR METAL 








HYDE PARK, BOSTON 36, MASSACHUSETTS 


Coatings for all temperatures to high heat — 


all corrosive environments. 





PRETESTED and PREFABRICATED 


for High-Temperature, High-Pressure Service by 


Chtabargh Oforup 


16,500 lb. 

Stainless Steel 

Main 

oo Steam Header 


A COMPLETE 
PIPING Stress analysis of a model of power piping is an 
established procedure at Pittsburgh Piping. It 
SYSTEM is used to predict accurately the physical 
reactions of high-temperature, high-pressure 
piping in service. 

The photograph at top left shows a model of 
main steam piping which is part of a complete 
system shop fabricated and field erected by 
Pittsburgh Piping. The enlarged section of the 
model indicates the relative size and location of 
the main steam header. This header, shown in 
the main photo, is fabricated of Stainless Steel 
Type 316. It weighs 16,500 lbs. and its wall 
thickness is 3”. 

Model testing and shop fabrication are two 
phases of Pittsburgh Piping service which 
covers every aspect of a piping job—from blue- 
print through erection. We are specialists— 
thoroughly experienced in the theoretical and 
practical aspects, as well as in the code and 
insurance requirements of high-temperature, 
high-pressure piping. 


Promoting Progress IN POWER AND PROCESS PIPING 


| 
AND EQUIPMENT COMPANY 


158 49th Street + Pittsburgh 1, Pa. 


Conoda: CANADIAN PITTSBURGH PIPING, LTD., 68 YONGE STREET—TORONTO, ONTARIO 


Atlanta... Whitehead Building Cleveland Public Square Building 
Chicago....... Peoples Gas Building New Orleans............+.+P. O. Box 74 
New York Woolworth Building 
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84,000 Hours of Reliable Viewing 





























... that is the Story of Dependability 
Behind Diamond’s Television Camera Tube 


Nor is the Story Finished. 
The ORIGINAL TUBE, 
installed in 1949, is Still 
in DAILY OPERATION! 


At the Wood River Station of the Illinois Power Com- 
pany, Diamond’s “Utiliscope” Television system has 
provided 100% available viewing since 1949. In this 
job, dependability is all important! Only Diamond 
builds the tube which makes this availability possible. 

The operator, in the control room, sees the boiler 
water level at the drum by viewing the Diamond 
monitor mounted in the control panel. Water level 


Olan 
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information is instantly and accurately available at 
all times from any viewing position in the control room. 

Routine maintenance is the only service required 
since installation. “Old Reliable” has a record of more 
than ten years of operation and is continuing to pro- 
vide reliable service. 

Such performance is not unusual for Diamond's 
“Utiliscope” equipment. This Heavy Duty Television is 
designed for industry. It is dependable, durable, re- 
sistant to time and difficult operating conditions. It is 
saving money and improving operation in power 
plants, steel mills, foundries, mines and a wide 
variety of manufacturing plants. 

Write us for a non-obligating survey of your plant 
by our industrial television specialists. Electronics Divi- 
sion, Diamond Power Specialty Corporation, Lancaster, 
Ohio. 


8310 


DIAMOND POWER SPECIALTY CORP. 
LANCASTER, OHIO Diamond Specialty Limited, Windsor, Ontario 
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Eddystone Station's Unit 1 has a capacity of 2,000,000 Ib/hr at 5000 psig 
and 1200°/1050°/1050°/F ... uses C-E Sulzer Monotube Steam Generator. 


Vulcan Selective-Sequence system provides 
Eddystone Station with precision soot blowing 


When Unit 1 of Philadelphia Electric’s Eddystone 
Station goes into operation, a Vulcan Selective-Sequence 
system will accurately control all soot blowing. 

Selective-Sequence systems were chosen for both units 
1 and 2 at this super-critical station because they assure 
positive, dependable boiler cleaning . make the most 
efficient use of the blowing medium. 


Vulcan Controller saves time. Without leaving the 
panel, the operator pushes a master button to place the 
system in sequential operation. He can see that each 
soot blower is operating in sequence for the proper inter- 


COPE } Ulery 


10 


COPES-VULCAN DIVISION 


BLAW-KNOX COMPANY, ERIE 4, PA. 


val with adequate pressure. He can modify the sequence 
to improve cleaning or conserve the blowing medium 
without time-consuming wiring and piping changes. 


Vulcan long retractables speed cleaning. With dual- 
motor drive, Eddystone’s T-30’s clean uniformly; mini- 
mize the danger of tube cutting or erosion. Low rotating 
speed increases range and penetration of cleaning, de- 
creases wear, eliminates whip, and permits proper clean- 
ing with faster traversing speeds. 

Half-’tracts with 19-foot travel, wall deslaggers, and 
air pre-heater controls are also used. 


BLAW-KNOX 
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Panel provides centralized control of soot blowing 
at Eddystone. With the Vulcan SSC-120 Selective- 
Sequence controller, each blower can be operated four 
times during a schedule, or there can be four different 
schedules. The sequence can be varied by means of a 
jack board. Any soot blower can be operated at any 
point in the sequence by plugging one end of a patch 
cord into the blower jack, and the other end into the 
desired sequence jack. Write for Bulletin 1029. 


Wall deslagger conserves steam generated at Eddy- 
stone by three special package boilers. High striking 
power of Vulcan RW-3E drives off gummy masses to 
assure high heat-transfer capacity, and uniform super- 
heat and reheat temperature control. Dual motors are 
used: one speeds the nozzle to and from the blowing 
position, the other rotates it slowly for thorough clean- 
ing. All parts are covered for protection, assuring long 
life with low maintenance. Write for Bulletin 1034. 


Vulcan T-30’s have 30- and 37-foot travels. Motors are mounted at the boiler end to facilitate mainte- 
nance, yet away from heat of the boiler wall. Their placement avoids interferences. Write for Bulletin 1030. 
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BOWL MILLS LIKE THESE 


prepare the daily BTU diets of boilers 
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C-E RAYMOND BOWL MILLS pulverize lignite in Mallorca, Spain... 
coke in Buenos Aires . .. semi-bituminous coal in Limburg, Holland 
... bituminous in Tanagawa, Japan ... furfural residue in Tennessee 
...and petroleum coke in Indiana. But their biggest field of application, 
by far, is pulverizing various kinds of coal in hundreds of American 
utility plants from coast to coast. In all, they feed the boilers of the 
world with some 37,000 tons of fuel each hour — boilers with an 
aggregate steam generating capacity of about... 

400,000,000 Ib. per hr. 
There are eight big reasons why the C-E Raymond Bow! Mill is so 
popular — reasons that are important to you if pulverized fuel is 
part of your plant picture. They are... 


1. Handles High Moisture Fuels — High moisture fuels are handled 
without difficulty because the Bowl Mill premixes raw coal with the dried 
product in an atmosphere up to 700 F air. Even lignite with 50% 
moisture is thoroughly dried. 


2. Low Power Consumption — Rapid flow of material through the mill, 
prompt removal of fine coal, fast drying and relatively low weight 
of grinding elements all combine to assure minimum power consumption. 


3. Continuous Service — The Bow! Mill provides continuous service 
for long periods because there is no metal-to-metal contact between 
rings and rolls and wear is minimized. Logs showing 20,000 hours 
of continuous operation are not uncommon. 


Low Maintenance — Maintenance is required less frequently because 
the Bowl Mill stays in service for longer periods. When replacement 

of parts is necessary, outage time is minimized because of the ease 

with which the machine can be taken apart and reassembled. 


> 


5. Fineness Control — Changes in fineness control can be made while 
the Bowl Mill is operating because the necessary adjustments are made 
from the outside. The mill need not be stopped. 


6. Automatic Grinding Adjustment — Grinding pressure is automati- 
cally adjusted to suit fuel characteristics because the Bowl Mill uses 
spring-loaded journals which instantaneously compensate for 
variations in coal grindability. 


7. Infrequent Lubrication — Only infrequent lubrication is required 
with the Bowl Mill. When required, it can be done from outside the 
mill without taking it out of service. 


8. Vibrationless-Quiet — The Bowl Mill's grinding rollers make no 
metai-to-metal contact with the grinding ring, assuring quiet, 
vibrationless operation. 


Whether you are considering pulverizers for your present plant | 
expansion program or for future requirements, we suggest you 

investigate the advantages of the Bowl Mill as outlined above 

and described more fully in our Catalog PC-8. 
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With Republic valves... 


You get longer life, less maintenance 


For over 35 years Republic valve 
developments have paced the chang- 
ing demands for more sturdy valves 
by the most progressive utilities and 
industries. For such services as pump 
recirculation control, feedwater reg- 
ulation, steam pressure reducing and 
high pressure water control, Republic 
valves have established a reputation 
for durability, long life and trouble- 
free performance. 


Superior vaive design— Repub- 
lic research into the causes of valve 
noise and vibration, and also the 
wear resisting and galling properties 
of materials has resulted in a modern 
line of Republic valves of advanced 
design. Republic valve contours are 
designed to produce not only the 
desired regulating characteristics but 
also to reduce erosion damage and 
noise as well. Extra large guide bush- 
ings, extra deep stuffing boxes, solid 
plug inner valve construction, plus 
precise manufacture and long-life 
materials make Republic regulating 
valves perform better, last longer, 
with less maintenance. 

Wide selection of valves and 


features—Rockwell-built Repub- 
lic regulating valves shown on this 


page are representative of the com- 
plete Republic line: 
. Cylinder operated valve 
. Lever operated valve 
Diaphragm operated valve 

. Motor operated valve 
Toggle head operated valve 
Diaphragm operated angle valve 

And, for many special applica- 
tions, such Republic accessories as 
pneumatic and electric valve posi- 
tioners for hysteresis-free control, 
and a complete line of controllers 
are available. 

Whatever your regulating valve 
problem, let Republic engineers put 
their years of application experience 
to work for you. For additional in- 
formation, see your Republic repre- 
sentative, or write to Republic Flow 
Meters Company, 2240 Diversey 
Parkway, Chicago 47, Illinois. 


REPUBLIC INSTRUMENTS 
AND CONTROLS 


ROCKWELL 
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Engineered 
for 
Better Burning 


Our combustion engineering service is available 
to help you solve your steam cost problems. 


THE @% VALLEY CAMP COAL COMPANY 


Western Reserve Building ¢ Cleveland 13, Ohio 


SUBSIDIARIES — 
Great Lakes Coal & Dock Co., Milwaukee, Wis. © Great Lakes Coal & Dock Co., St. Paul, Minn. © The 
Valley Camp Coal Co. of Canada Ltd., Toronto & Fort William, Ont. © Kelley's Creek & North- 
western Railroad Co. ® Kelley's Creek Barge Line Inc. ® Pennsylvania & West Virginia Supply Corp 
SALES OFFICES — 


Philadelphia © Baltimore © Buffalo ¢ Pittsburgh © Wheeling © Cleveland © St. Paul 
© Cincinnati © New York © Milwaukee © Superior, Wis © Fort William, Ont © Toronto, Ont 
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Phe Bayer Balanced Valved Soot Blower 
is a single-chain operated design that as- 
sures pre¢ ise sequential operation of the 
valve and element. Only after the start 
of full steam flow does element rotation 
commence —a feature which provides posi- 
live and efficient cleaning over the entire 
are. . .Without wasting steam. 

The Bayer Sool Blower is simply Op- 
erated by a pull on the chain which opens 
the cam-actuated valve. Continued pull- 
ing of the chain slowly rotates the element 
through its cleaning are, at the end of 
which the valve automatically closes. 


Quick Opening 
Bayer Soot Blower 
Valves Assure 


¢ 100% cleaning efficiency 
* minimum steam consumption 


e superior high temperature 
resistance 


For severe high temperature locations, 
“super service” elements of Bayer-devel- 
oped “Chronilloy” are available. Of su- 
perior strength, wrap-resistance, and sta- 
bility, these elements resist the oxidation 
and chemical action caused by very high 
temperature gases. 

In over fifty years of continuous special- 
ized service, the Bayer company has 
equipped more than 35,000) boilers with 
Kngineered for 


dependable soot. blowers. 
Baver 


long life and low maintenance, 
products assure economical and = trouble- 
free operation, 





®@ single chain operation 


® individual elements adjustable for high pressure 

eryviee ty 
@ full steam pressure 
@ selected pe 


rotation 


plate valve 
I 

entire 
optimum rate 


mrithee 
over cleaning are 


woratios for of element 





ADVANTAGES OF THE BAYER BALANCED VALVED SOOT BLOWER 


@ minimum pressure drop through valve body 
® machined air seal with spring loaded seat 
® complete vacuum breaker protection 

@ precision swivel tube alignment lessens stuffing 
box packing needs 


® load carried on ring type thrust bearings 








For further information contact the Bayer representative nearest you. 
He is an experienced engineer, qualified to service Bayer Soot Blowers. 


Agencies 


New York Cleveland Sosta Lay 
Philadelphia Detroit 
Chicage Pittsburgh 


Conmcmnati 


Q 


Angeles 


Indianapoli 


Washington, D. ¢ 
Atlanta 


Pulsa 


Salt Lake City 
Hlouston 
Kansas City 


Charlotte 
Richmond 
Denver 


ed 


4030 Chouteau Avenue, St. Louis 10, Missouri 
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Shippers get an extra “measure 


of service” with B&O...DOT... ON TRACING 


It’s a new performance measure of electronic railroading! 

.. DOT... picks up car movement information 
statin wie from 29 key B&O yards... sorts and transmits 
it to B&O System headquarters 24 howe a day. 

. DOT’s... continuous, speedy flow of car information 
lets 58 B&O traffic offices know where carloads are at all 
times... and it covers all commodities. You’ll get extra 
shipping satisfaction from... DOT... ! Ask our man! 


BALTIMORE & OHIO RAILROAD 


The Line of SENTINEL Service * TIME SAVER Service * TOFCEE Service 



































General view of Carrier power plant. 
Boilers on right are bent tube, two- 
drum types, by Riley Stoker Corp. 
burning pulverized coal. Coal moves 
from bunkers to Riley Pulverizers 
at left in photo) and then into 
furnace. 
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Mechanical dust collectors by 
Prat-Daniel Corp. help assure 
cleanliness of operation. 
These collectors tie in with 
United Conveyor ash hand- 
ling system for movement to 
ash silo and final disposal. 


Pneumatic automatic con- 
trol panel by Bailey Meter 
Co. regulates combustion 
operation of all boilers and 
auxiliary equipment, main- 
tains continuing steam 
generation efficiency! 
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Carrier puts the chill on 
fuel costs...with coal 


Air conditioner manufacturer uses coal for low-cost steam 


An unusual team—the heating ability of coal 
and the cooling facility of air conditioning 
equipment! Yet Carrier Corporation, Syracuse, 
N.Y., found this combination profitable when 
expansion plans required additional capacity 
in its steam plant. After engineering surveys, 
Carrier decided to continue burning coal for 
economy of operation. Today modern power 
equipment supplies steam economically for 
heating, air conditioning and processing. 
Original fuel costs plus automatic operation 
within the power plant hold overall steam 
costs to a minimum. 


Coal is lowest cost fuel 


Today, when the annual cost of fuel often equals 
the original cost of the boilers, you should know 
that bituminous coal is the lowest cost fuel in 
most industrial areas. And modern coal-burn- 
ing equipment gives you 15° to 50°, more 
steam per dollar, while automatic operation 
trims labor costs and eliminates smoke 


problems. What's more, tremendous coal 
reserves and mechanized mining procedures 
assure you a constantly plentiful supply of coal 
at stable prices. 

Technical advisory service 
To help you with fuel problems, the Bitumi- 
nous Coal Institute offers a free technical 
advisory service. We welcome the oppor- 
tunity to work with you, your consulting 
engineers and architects. If you are concerned 
with steam costs, write to address below or 
send coupon. Ask also for our case history 
booklet, complete with data sheets. You'll 
find them informative. 

Consult an engineering firm 
If you are remodeling or building new heating 
or power facilities, it will pay you to consult 
a qualified engineering firm. Such concerns— 
familiar with the latest in fuel costs and equip- 
ment—can effect great savings for you with the 
efficiency and economy of coal. 


BITUMINOUS COAL INSTITUTE 
Dept. C-08, Southern Building, Washington 5, D. C. 
See our listing in SWEET’S 


SEND COUPON FOR NEW BCI PUBLICATIONS. 
Guide Specifications, with complete equipment criteria 
and boiler room plans: 


BITUMINOUS COAL INSTITUTE, 
Southern Building, Washington 5, D. C. 


Gentlemen: Please send me: 


Coal is loaded into silos before 
it moves to bunkers. At left is 
the ash silo which utilizes ro- 
tary dustless unloader in load- 
ing trucks for disposal. Silos 
and conveyors are by Fairfield 
Engineering Co. 
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[JGS-1 (low-pressure heating plant, screw-type underfeed 
stoker); (] GS-2 (high-pressure heating and/or process plant, 
ram-type underfeed stoker); (]) GS-3 (automatic package boiler 
for heating and process plants). [.] Case histories on larger plants. 


Name 
Title 
Company 


Address 





LIKE GETTING TWO CRUSHERS 
FOR THE PRICE OF ONE 


The Pennsylvania Reversible Hammermill gives 
you so much more for your money. For instance, 
you get double the crushing area — by merely 
flipping a switch, the direction of the rotor 
changes and you are using the breaker blocks 
and cage bars of a duplicate mill. This not only 
doubles cage and block life but hammers need 
never be hand turned and wear is kept uniform. 
Both cage assemblies are easily adjusted to move 
towards or away from the hammer circle. This 
permits you to wear hammers much farther while 
keeping the grind uniform during the long life of 
the hammers — with no falling off of tonnage. 
Send for bulletin 1040 that gives complete infor- 
mation on the various sizes of Pennsylvania 
Reversible Hammermills. Pennsylvania Crusher 
Division, Bath Iron Works Corporation, West 


Chester, Penna. 


Penn 
CRUSHER 
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LIFETIME SERVICE 
BACKS UP OCOTILLO’S 
NEW LJUNGSTROMS®” 


Extremely compact and highly efficient, these 
baskets of heat transfer are the heart 
of the Ljungstrom. 1 
one being lifted into position.) E 
these baskets is the app 

one foot of a standard t 

The combined surface of 

heaters provides 263,600 


oto below shows 
ery inch of 
alent of 

t exchanger. 
o Air Pre- 


ting surface. 


“a 


The new Ocotillo Power Plant, near 
Tempe, Ariz., employs four Ljungstrom 
Air Preheaters for its two 835,000 Ibs/hr 
boilers. Dependability is built into these 
Ljungstroms, from their corrosion-resist- 
ance to their double-life reversible ele- 
ments (shown in the photo above). 

But one of the most important reasons 
why Ocotillo chose Ljungstrom is Life- 
time Air Preheater Service. Throughout 
the life of each unit (units dating from 
1923 are still in operation), Air Pre- 
heater engineers make regular calls to 
inspect the units and keep them in top 
operating condition. 

What’s more, Air Preheater provides 
rapid factory service, too. Here’s an 
example: a customer called on a Friday 
morning requesting immediate shipment 
of cold-end seals for an Air Preheater. 
But regular fabrication time would take 
until the weekend, when no ordinary 
transportation would be available. 

So Air Preheater went to work. Spe- 


wn ies 


“ 
te PRL 
¥, 


c- 


. 
at ee 


cial trucking was arranged. And by a 
tremendous effort, fabrication was com- 
pleted on the same day the order was 
received ... and the customer received 
the necessary parts only ten hours after 
his initial request. 

Fast response to emergencies and reg- 
ular inspection throughout the life of 
each Ljungstrom installation are two of 
the many advantages Air Preheater pro- 
vides its customers. Another is expert 
knowledge of boiler and preheater prob- 
lems—and how to lick them — gained 
from over 35 years’ experience. Perhaps 
these reasons explain why nine out of ten 
preheaters sold today are Ljungstroms. 


THE AIR PREHEATER 
CORPORATION 


60 East 42nd Street, New York 17,N. Y. 


ne es 





if you know the wisdom of delegating the 
prefabricating and erecting of high-temper- 
ature, high-pressure piping directly to 
experienced specialists, you will like having 
a copy of our illustrated Brochure. 


It’s an exposition of our shop and field facilities. 


It covers equipment, engineering, planning, sched- 


uling, testing, inspecting, and quality control. 
It is only four pages, sized to fit your file. 


Ask us for “the Brochure” on your letterhead. 


W. K. MITCHELL & CO., INC. 


WESTPORT JOINT | Philadelphia 46, Pa. 


(PATENTED 


PIPING 


PIPING FABRICATORS AND CONTRACTORS 
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LOOKING FOR PEAK EFFICIENCY 


OVER BROAD RANGE FOR YOUR DRAFT FANS ? 


Here’s Why “Buffalo” “BLH” is Best Answer: 


The “Buffalo” Family of “BLH” Fans is designed for 
highest mechanical efficiency over an extremely broad operat- 
ing range. Rugged “Buffalo” construction insures eco- 
nomical, dependable operation throughout a long, trouble- 


free life. 


“Buffalo” Type “BLH” features include: streamlined 
housing designed to deliver ultra-smooth air flow, peak 
static conversion and pressure distribution at outlet — 
turbulence minimized by smooth inlet bell, directional 
inlet vanes, backward-curved blades. matching rotor 


flange and inlet bell and gradually divergent outlet. These 


features all add up to the quiet, powerful, smooth per- 


formance characteristic of the “BLH”. 


Reliable, maintenance-free operation is the result of 
extra-heavy construction throughout. This includes sturdy 
steel plate construction ruggedly welded for extra strength 
— oversized shafts and bearings. Rotors are statically and 


dynamically machine balanced at factory. 


If your mechanical draft conditions require a dependable 
fan that provides high efficiency over a broad operating 
range, ask your “Buffalo” engineering representative for 
complete facts about the “Buffalo” family of mechanical 


draft fans. Or you can write us direct for Bulletin FD-905, 


BUFFALO FORGE COMPANY 


Buffalo, WN. Y. 


Buffalo Pumps Division e 


Buffalo, New York 


Canadian Blower & Forge Co., Ltd., Kitchener, Ontario 


VENTILATING + AIR CLEANING + AIR TEMPERING + INDUCED DRAFT + EXHAUSTING + FORCED DRAFT + COOLING + HEATING + PRESSURE BLOWING 
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Here are America’s first six CE-Sulzer once-through boilers: 
ill have LEN Direct-Energy Balance Control. 


Operating 
Pressure 
Company Station (psig) Capability 


Dayton Power & Light Co. Tait 4 2400 150 MW 
Metropolitan Edison Co Portland | 2400 165 MW 
Dayton Power & Light Co Tait 5 2400 150 MW 
Philadelphia Electric Co Eddystone | 5000 325 MW 
Cleveland Electric Illuminating Co. Avon 8 3500 250 MW 
Philadelphia Electric Co Eddystone 2 3500 325 MW 


New L&N Direct-Energy Balance Control 
Coordinates Once-Through Boiler and Turbine 


Metropolitan Edison Company’s newest facility, Port- generation change. When he calls for a change in load, 
land Station Unit No. 1, features a CE-Sulzer once- the control responds quickly, at the preset rate of 
through boiler and a 165 MW cross-compound axial change. Operation of the unit is integrated because (1) 
boiler-turbine output is changed in a predetermined, 
orderly manner, and (2) output is kept within the 
capabilities of the equipment in service. 


flow turbine generator. To coordinate the operation of 
this boiler and turbo-generator, the design engineers 
employed a new type of combustion control Direct- 
Energy Balance Based on their experiences with field tests on a drum- 
type boiler at Titus Station, and with Portland 1, Metro- 
politan Edison Company will specify Direct-Energy Bal- 
ance Control for a future unit. Although this will be a 
conventional drum-type boiler, D.E.B. is expected to 
give better overall operation than conventional combus- 
tion control. For further information on D.E.B., contact 

In the picture above, an operator at Portland is using one of our 34 Field Offices, or write for Reprint 463 (8) 
the D.E.B. Control to set directly the desired rate of to 4972 Stenton Ave., Philadelphia 44, Pa. 


This D.E.B. Control, developed by Leeds & Northrup, 
considers the boiler and turbine as an integral unit. 
From combined steam pressure and generator intelli- 
gence, the control coordinates regulation of the fuel 
input and turbine governor valves. 


LEEDS NORTHRUP 


Instruments Automatic Controls « Furnaces 
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This is Freeport Sulphur's first-in-the-world offshore 
sulphur mining plant in Gulf of Mexico, off the 


Louisiana coast. 





























This is Green’s MC type fan, 4 of which 
were supplied to Freeport Sulphur—each 
with 54” wheel, producing 67,800 CFM 
against 18" §.P. at 715°. 


FREEPORT SULPHUR’S doing it for the first time in the world! 


and Green MC type fans will help this gigantic air lift! 


Freeport Sulphur had a tough engineering problem. 


For their world’s first offshore sulphur mining operation, Freeport 
Sulphur has to compress truly tremendous air volume to air lift 
liquid sulphur to the surface. Fans are needed for the steam 
operating unit compressing this air. 

Rugged, dependable fans are required. Also, fans that need but 
a minimum of working space. 


Where did Freeport Sulphur get such fans? 


Easy — they ordered Green MC type fans. These fans are not only 
rugged, but the MC is the smallest fan 
that can be used to perform any re- 
quired job. 

You, too, might solve a vexing engi- 
neering problem by calling on Green. 


It’s the forward curve at BOTH tip and beel 


of fan blades that does the job on Green MC THE GREEN FUEL ECONOMIZER CO., INC., | 
type fans. ‘ re 7 ee 


BEACON 3, NEW YORK 
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Republic ELECTRUNITE Boiler Tubes 


and black liquor fuel... produces dependable power at 
INTERNATIONAL PAPER’S Springhill Mill 


Dependability is important to maintaining production 
at International Paper Company’s Southern Kraft Divi- 
sion at Springhill, Louisiana. Republic ELECTRUNITE* 
Boiler Tubes were used in the construction of their 
new power plant. 

The boiler installation, designated as a C-E Recovery 
Unit, was designed and manufactured by Combustion 
Engineering, Inc., New York City, and installed by 
International Paper’s Engineering Department. 
Designed to produce an average of 226,000 pounds 
of steam per hour at an operating ipressure of 
850 psig, 825°F. The boiler drum is designed for 
1,000 psig. 

This boiler has a very large furnacg and high heat 
surface necessary to satisfactorily burn black liquor 
fuel used to produce waste heat and recover valuable 
chemicals which are reused in the pulp making proc- 
ess. Black liquor fuel is sprayed into the furnace and 
the boiler is capable of burning 1,500,000 pounds of 


dry solids every twenty-four hours. 

Republic ELECTRUNITE Boiler Tubes are able to 
withstand tremendous temperatures because depend- 
ability and quality is built-in. ELECTRUNITE is produced 
from highest quality flat-rolled open-hearth steel and 
manufactured by Republic’s exclusive process that 
ELECTRically-UNITEs the tube under pressure with- 
out additional foreign or extra metal. Full normalizing 
and this process assures uniform wall thickness and 
diameter, uniform ductility, easy workability, and in- 
service dependability. 

Each length of ELECTRUNITE Boiler Tube is hydro- 
statically or electronically tested to conform with 
applicable ASTM specifications, the ASME Boiler and 
Pressure Code, as well as local, state, and boiler in- 
surance requirements. 

To learn more about ELECTRUNITE for boiler, heat 
exchanger, condenser, or evaporator applications, 
call your Republic representative. Or, write. 


QUALITY YOU CAN MEASURE... 





—_-— 
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FARROWTEST REJECT TABLE 


Defective Area 
(Length, 
Depth Plane) 


Wall Minor dimension 
Thickness of the defect 
(B.W. Gage) (Length or Depth) 


20 ' .006°* -0025 sq. inches 
18 .006”’ .003 sq. inches 
16 12'\A&% of wall 003 sq. inches 
14 and 13 12‘A% of wall .004 sq. inches 
12 and heavier 12‘2% of wall 005 sq. inches 





FARROWTEST detects and rejects not only tubing containing defects 
which completely penetrate the wall; but also tubing with defects 
equa! to, or greater than, those shown in this table. For irregular 
defect shapes, o tube with defect area equal to or greater than 
shown above is rejectable. Where required, sensitivity of FARROWTEST 
equipment can be calibrated to reject defects of lesser specified 
area than shown in table, at extra -ost 











oe 


REPUBLIC ELECTRUNITE STAINLESS STEEL HEAT EXCHANGER TUBING resists 
corrosion and provides long trouble-free service for main surface con- 
densers in utility power plants where water is used directly from natural 
sources. If you have a water problem, call your Republic representative. 


FARROWTEST —QUALITY YOU CAN MEASURE. Not a laboratory theory, not 
@ mere inspection tool, but an exclusive production test that detects and 
rejects tubing containing defects of critical size. FARROWTEST is offered 
as an alternative to other less positive tests in accordance with the table, 
left, at no extra cost. 
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REPUBLIC STEEL CORPORATION 

STEEL AND TUBES DIVISION 

DEPT. C-7912 

209 EAST 131st STREET + CLEVELAND 8, OHIO 


Please send more information on the following products: 
Wolds Wideat. Ke O Republic ELECTRUNITE Boiler Tubes 
ange O Republic ELECTRUNITE Heat Exchanger Tubes 
O Carbon O Stainless 1 FARROWTEST Brochure 


oY, Standard Steels and Wii sitcisncesieitaiets 


Firm___ 


StacZ Produc Address . , . a = 
a SS 
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SF Precipitator 
at a steel plant. 


in Dust | 
Collection A 
Systems... 


makes the difference 


Higher efficiency of Buell ‘SF’ Electric Precipitators is the 

result of exclusive engineering features. For example, Buell’s 

Spiralectrodes emit 50% to 100% more electrons than other 

types ...and maintain their efficiency. Positive gas flow con- 

trol through adjustable baffles prevents scouring and eddying. 

And Buell’s Unique Continuous Cycle Rapping practically 
eliminates “puffing”. 

Lower installation cost of Buell’s time-proved 

simplified design makes erection faster and easier. 

a Spiralectrodes, for example, are self-tensioning 

/ require no weights. Flexibility of power supply 


means easier installation, operating safety. 
BUELL 


et teneacnatel Lower maintenance cost is the result of many 
details of superior design. And sectionalized design 
permits shutting down part of a unit without inter- 
rupting service in the rest of the unit. 


é 4 5 | 
‘1 Seo 


Get full information: write for a copy of “Buell SF 
Electric Precipitators”, a 22-page booklet. Write 
SF- ELectnic to Dept. 70-H, Buell Engineering Co., Inc., 123 
aacas ee sietean William Street, New York 38, N. Y. 
CI TY? } 


a 
| 


tL 
eae 


PRECIPITATOR-CYCLONE 
COMBINATIONS 


Experts at delivering Extra Efficiency in DUST COLLECTION SYSTEMS 
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This Changing World 


No individual can state for certain just when the ways 
of life by which he had been raised became passé. We 
sat in on the Education in Materials symposium at the 
Annual Meeting of the ASTM, Atlantic City, this past 
June and heard that fact of life as it applies to us brought 
home time and In fact, we experienced a decided 
“hurrah for our side’’ emotion at certain of the remarks 
of W. T. Alexander, dean of engineering, Northeastern 
University, and president of the American Society for 
Engineering Education. His heartwarming (to us at 
least) admonition to educators pushing for rapid transi 
tions toward a more theoretically oriented engineering 
curriculum from the one we had all experienced was based 


gain 


upon two principal points 


‘1. The engineers whom we have been, and are, 


graduating are not failures. They have been and are con 
tributing relatively well to our progress, and certainly 
the techniques which they now use are very different from 
those which they studied in college. We are obviously 
dealing with a group of people who are very adaptable. 
Furthermore, we cannot hope to teach them what they 
will need to know over the next 25 years. This leads to 
the second point 

“2. The teach the subject matter in our 
respective colleges, whatever its intrinsic nature may be, 
will have more to do with the eventual success of our 
graduates than the particular subjects which they study 


way we 


or to what degree they are theoretically oriented.”’ 
3oth these points we feel are sound ones and well 
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presented. Yet we must agree with the general tone of 
the symposium that we needs must progress toward a 
more theoretically oriented curriculum. This is true 
mostly because we have exhausted the empirical method 
advancement and now must fall back upon a knowledge 
of the materials we have at hand or can develop to effect 
‘K. B. Woods, outgoing president of the 
ASTM, at the President’s Luncheon underscored this 
need with the statement: “In my opinion engineering in 
all of its branches has undergone more fundamental 
changes during the past seven or eight years than had 
occurred during the previous thirty years or so.” 

Within our limited knowledge of the last decade's 
progress in the power field alone this statement is an 
accurate one. The amazing ingenuity of our father’s 
time called Yankee ingenuity is no longer enough to meet 
the demands of nuclear energy or higher temperature and 
pressure steam cycles. Fundamental data on properties 
of material, obtainable only from years of assiduous study, 
will be the raw material the ingenious mind of the late 
today and tomorrow will apply to solve the problems of 
his time. 

The well-trained, intensive mind that will be drawn to 
engineering under this set of operating rules will require 
some adjustments on the part of management to hold its 
interest and further its value to industry's needs. We 
recommend consideration of the article on page 53 in this 
issue which we believe part and parcel of this recognition 


new advances. 


of our changing world. 





High and low temperature corrosion causes are outlined and 


the role of vanadium specifically studied. Experiences with 


dolomite injections on pilot scale superheater steel operating 
under elevated temperatures are reported as well as test 


results of additives including ammonia as weapons for 


combating low temperature corrosion under laboratory 


conditions. 


Fire Side Corrosion 


OULING and corrosion of heating surfaces in modern 

boiler plants impair efficiency and availability for 

service and a survey of world literature indicates that 
difficulties from these causes have been experienced on 
a wide range of boilers and with solid and liquid fuels 
[he problems do not appear to be acute, however, in 
small heating and industrial boilers, and attention has 
been confined almost entirely to their incidence in steam 
power plants 

Many of the investigations carried out in the past into 
the causes of deposition and corrosion were concerned 
with fired plants. In the rapidly 
increasing use of residual fuel oil, particularly on boilers 
of advanced superheat and low exit gas temperatures, 


solid-fuel view of 


emphasis in recent research has been on corrosion by 
products from fuel oil combustion 

['wo distinct types of corrosion occur, according to the 
temperature ol heat exchange surfaces affected. Analyses 
of the normally thin, hard deposits in the superheater 
zone of oil-fired installations show that the major com 
ponents are low-melting complexes of vanadium, sodium 
and sulfur 

Low temperature corrosion of economizers, air heat 
stacks with 
sulfuric acid from flue gases when the metal temperature 


ers and is associated the condensation of 


falls below the acid dewpoint. Many papers have been 
written on this particular aspect of the overall corrosion 
problem, and the formation of sulfuric acid is attributed 
to oxidation of sulfur dioxide by atomic oxygen 
or to the catalytic 


either 
formed in the combustion process (1) 


action of ferric oxide at temperatures in the range 
900-1200 F 

High temperature corrosion is to a large extent de 
pendent (3) on the composition and quantity of ash 
formed during combustion. The major non-hydrocarbon 
constituents of fuel oil are complexes of vanadium, nickel 
and iron in the form of oil soluble porphyrins, organic 
sulfur compounds and chlorides and sulfates of sodium 
and calcium in suspension (4-6) 


Number refer to List of Reference at the close of the 


article 


in parenthese 


30 


BY L. K. RENDLE,’ R. D. WILSDON' AND 
G. WHITTINGHAM" 


British Petroleum Co., London, England 


in Oil-Fired Boilers’ 


The nature of the metal complexes makes it extremely 
difficult to remove them economically by fuel treatment. 
Therefore, to overcome high temperature corrosion, two 


courses of action are possible 


lo select suitably resistant materials of con 
struction, and judicious design to ensure that the 
selected alloys operate within their safe tempera 
ture ranges where corrosion is not likely to be 
catastrophic. 

To use suitable additives to mitigate corrosive 
attack the ash 


depr sits 


by modifying composition of 


In the choice of materials of construction in the super 
heater zone, the tubes do not present as big a problem as 
hangers and spacers. In many boilers, even of current 
design, the hangers and spacers are not normally cooled 
and will be at substantially higher temperature than the 
superheater tubes. It is necessary, therefore, to select 
special heat resistant materials for tube supports and 
spacers (7, 8). 

Three main approaches to the problem of high tem 
perature corrosion by combustion gases have been em 
ployed; long term plant investigations, laboratory cruct 
ble tests with synthetic and prepared ashes and the use 
of small scale rigs. 

The first part of this paper deals with work which falls 
into the last category, and is concerned mainly with the 
assessment of a range of superheater and _ structural 
steels in respect to corrosion by combustion of low and 
These studies form part of a 
comprehensive research program to investigate the 
effects of fuel type, combustion conditions and additives 
on the corrosion of a wide range of steels at elevated 


high vanadium fuels oils. 


temperature. 
The second section reviews the results of full scale and 


* Presented before the 1959 Fifth World Petroleum Congress, New York 
N.Y Permission granted to publish after May 30, 1959 
t Applied Physics Section, Research Centre 


tt Technical Services Branch 
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COMBUSTION CHAMBER “GAS SAMPLING oats — 


Fig. 1—General arrangement of experimental furnace for high temperature 
corrosion studies 


pilot scale investigations designed to provide information 


on the degree of formation of sulfuric acid oil-fired 


OILS 


Low Vanadium High Vanadium 
Fuel fue 

Specific gravity at 60 F/60 F 0.9435 0.9630 
Specific gravity at 140 F/60 F 0.9150 0.9350 
Flash point (PM Closed), F 220 192 
Gross calorific value (calculated), Btu/Ib a 18,560 
Total sulfur content, % wt 3.2 2.52 
Kinematic viscosity at 140 F, cs 57.98 
Kinematic viscosity at 170 F, cs 30.91 
Kinematic viscosity at 210 F, cs 15.40 
Pour point (upper), F 

Carbon residue (con), % wt 9! 9.6 
Asphaltenes, % wt 5.0 
Asphaltum (soft), % wt ie 5.8 
Total acidity, mg. KOH /g 0.05 
Mineral acidity, mg KOH/g N Nil 
Ash content at 550 C (1022 F), % wt 0.0895 
Water content, “% vol 0.10 
Water and sediment, “% vol } 0.25 
Sediment by extraction, “) wt 0.006 0.02 
Salt content, % wt 0.008 0.010 
Carbon, ultimate analysis, 9% wt 84.74 85.6 
Hydrogen, ultimate analysis, “, wt 11.32 10.9 
V2Os in ash, % wt on oil 0.0085 0.0513 
NiO in ash, % wt on oil 0.0018 0.0055 
Fe:O; in ash, % wt on oil 0.0013 0.0011 
CaO in ash, % wt on oil 0.0013 0.0011 
AlsOs in ash, % wt on oil 0.0011 0.0004 
NazO in ash, % wt on oil 0.0047 0.0055 
SiO: in ash, % wt on oil 0.0042 0.0005 
SO: in ash, % wt on oil 0.0079 0.0092 
Vanadium content, ppm on fuel oil! 48 287 
Sodium content, ppm on fuel oil 35 41 


TABLE I--INSPECTION DATA ON FUEL 


‘ 


boilers and the efficacy of operational and other methods 
of controlling low temperature corrosion. 


Part 1—High Temperature Corrosion Studies 


EQUIPMENT 


Tests were carried out on a small oil-fired furnace, 
illustrated in Fig. |. The essential feature 
bustion fitted with a water 
provide control of gas exit temperature, 
flue gases to a narrow, refractory-lined channel. 
superheater steel specimens were inserted through the 
channel to provide two banks, each containing twelve 
tubes. tube was fitted with a chromel-alumel 
thermocouple welded into the tube wall at the center, 
and was installed so that the thermocouple weld faced 
upstream. The tubes were internally with air 
from a centrifugal blower and the desired tube tempera 
tures obtained by manual control. Small specimens of 
heat resisting alloys in the form of rectangular blocks 
were placed in the narrow gas channel between the two 
in some runs, also after the second bank. 
uncooled and were fixed in a 
cement to maintain a constant 


was a com- 
cooled coil to 
which supplied 
Tubes of 


chamber, 


Each 


cooled 


tube banks and, 


These 
thin layer of refractory 


specimens were 
vertical position 

Fuel oil was supplied from a day tank through a 
thermostatically controlled preheater to a burner of the 
low pressure air-atomizing type. Close control of air and 
fuel could be maintained to give constant flame length 
and combustion conditions. Primary air to the burner 
was supplied from a preheater located after the second 
bank of tubes 

Sheathed Pt-Pt/Rh thermocouples were placed at the 
entrance to the refractory-lined channel and between the 
tube banks. Sampling ports were also provided before 
and after the banks for use with a continuous 
oxygen recorder or for the withdrawal of gases for 
measurement of dewpoint and rate of acid build-up. 
Gas and tube metal temperatures, oil feed and preheated 
air temperatures were measured on a ten point Speedo- 


tube 


max recorder. 
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MATERIALS 
Fuel Oils 


Two fuel oils of nominal viscosity 650 sec. Redwood | 
at 100 F, one with a low vanadium and the other with a 
high vanadium content, Inspection data 
are given in Table I 


were used. 
Superheater Steel Tubes (1°/4 inches OD) 


Nb stabilized (British) 
Nb stabilized (Swedish) 


(a) 18/11 Cr/Ni; 
(b) 17.5/11 Cr/Ni; 

(c) 12.6 Ce 

(d) 2'/,/1 Cr/Mo (British) 
(e) 2'/,/1 Cr/Mo (Swedish) 
(f) 1'/. Cr/Mo (British) 


Heat Resisting Alloys 


(a) 20/7 Cr/Ni 

(b) 25/20 Cr/Ni 
(c) 60/12 Ni/Cr 
(d) 25/12 Cr/Ni 
(e) 53/18 Ni/Ci 


Detailed analyses of the different steels and alloys are 
given in Tables III and IV. 
Dolomite 


Swedish: MgO content 14 per cent by weight: particle 
100 microns, maximum 250 microns. 
MgO content 21 per cent by weight 


15 microns, maximum 74 


size, average 
Norwegian : 


particle size, average microns 


EXPERIMENTAI 


Before insertion in positien through the side of the 
refractory-lined channel the steel tubes were accurately 
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rABLE Il MEAN OPERATING CONDITIONS 


Temperatures I 
1940 


Combustion chamber 
1860 


Flue gas before | bank 

Flue gas between bank 1500 

Flue gas aiter } 2 bank 1120 

Oil to burner 194 

Air to burner 25 
(Jas analy 


Or in flue gas before 
Fuel oi! flow rate (1G/hr 


measured rhe heat resisting alloys were weighed be 
fore being placed in position 

The furnace the 
changed to fuel oil when the furnace temperature reached 
about 1500 F, usually some three hours after start-up. 
When established, the fuel oil flame was about 4 feet 
long and almost It was not possible to 
achieve reasonably steady the 
desired level until after eight hours operation on fuel 
oil because of the individual supply of cooling air to each 
walls. Tube temper 


was lighted on gas oil, and feed 


transparent 


tube temperatures at 


tube and heating of refractory 


atures were normally measured once a day 


Phe tests with low vanadium fuel oil were of 650 hours 
duration and typical mean operating conditions over a 


run are shown in Table II 


In the tests with high vanadium fuel oil, the same 
general procedure was followed, but the runs were only 


Ihe first run served as a control 
runs powdered dolomite was fed 
vibrating tray through the air 
rhe fuel flow rate was 2.9 IG/hr 


hr corresponding to an 


of 200 hours duration 
and in subsequent 
continuously from a 
register into the flame 


au 


and dolomite injection rate 75 g 
addition of 0.06 per cent by weight of fuel 

In all tests the pressure drop across the tube banks was 
indication of rate of fouling 
taken at by 
sampling ports situated 
them over the 


the BCURA 


measured to provide an 
were intervals 
the 


and 


Dewpointmeter readings 
gases through 
the tube 


mstrument 


extracting 
alter 
The 


and 


before passing 


probe head used was ol 


type (4 


EXAMINATION OF STEELS AND ALLOYS 


At the run the rig was allowed to 


completion of a 


AND CORROSION R 


Mean Tube 
Metal 


lrempera 
ture I 


weden 
Britain 


weden 


Britain 


Britain 


»weden 
Britain 
Sweder 


Britain 


Britain 


weden 


* Niobium stabilized 
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Adherent 
Easily remov 
Phin 


Black 


Red 


Brown red deposit adhering to 
Small amount 
Little 


Brown 


Red deposit 


Brown red deposit 


cool down and the top of the refractory channel removed. 
The tube banks were photographed im situ. The tubes 
were removed one by one working from the top down 
ward, any loose deposit being removed and bottled. 

The central section, four inches long, which had been 
exposed to the flue gases was cut out of each tube and 
then cut in half through the thermocouple weld at 
right angles to the tube axis. One-half was reserved for 
metallographic analysis and the other was descaled. 
The initial descaling was mechanical and as much as 
possible of the scale was collected and added to the 
deposit already taken from the tube. The specimens 
were finally descaled by a chemical method described in 
Appendix. Each descaled section was measured and the 
depth of metal loss calculated from the original measure 
ments 

The heat resisting alloy specimens were descaled in 
a similar manner after loose deposit had been removed. 
The descaled specimens were weighed and the corrosion 
calculated. A _ small was removed for 
metallographic examination before chemical descaling 


portion 


loss 


Results 


BEHAVIOR OF SUPERHEATER STEELS AND ALLOYS; 
Low VANADIUM FUEL 


Ihe physical characteristics and chemical analyses of 
deposits on the tube banks are shown in Table III, 
temperature, composition 
rhe latter is expressed 
a 650 hour test 


together with the operating 
and calculated rate of corrosion. 
in in./yr by linear extrapolation from 
period. 

X-Ray analyses of the deposits showed the presence of 
large amounts of iron oxide. The diffraction patterns 
were complex and a considerable amount of work for 
calibration purposes is required before more complete 
identification of minor constituents can be given. 

The heat resisting alloy specimens after a 650 hour 
run and descaling with corrosion rates calculated from 
loss in weight on descaling are given in Table IV, together 
with analyses of scales adhering to the specimens. 

X-Ray analysis of the very thin scale deposits dis 
closed the presence of over 90 per cent of iron oxides, but 


ATI LOW VANADIUM FUEI 
Calculated 
Penetratior 


In. Yr 


0.034 


Depo 


Appearance 
up to 0.02 in. thick 
under black red crystalline deposit 
able deposit over thin 
hard scale 0.015 in. thick 
hard black crystalline deposit 
over thin hard scale 0.02 in. thick 
red crystalline deposit with 
ering loose thick scale 
and pit Mean pit depth 0.01 in 
crystalline deposit adhering 
trongly to hard, brittle scale up to 
0.025 in. thick 

black deposit adhering to 

scal easily flaked off 

Seale thickness 0.08 in 


j 
scale 


0.034 
0 O2¢ 
0.061 


nodules cov 


thin 
hard tenacious scale 
of deposit 
tenacious scale 
deposit Very 
tenaciou 
red 
hard brittle 
thick 


very thin 00.02 
hard 
thin, hard 0.010 
scale 

adherent 
up to 


deposit over 0.041 


cale 0.015 in 


adherent to 0. 020 
0.025 in 


strongly 


hard, brittle scale up to 
thick 
adhering to thin 


hard tenacious scale 
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rABLE HEAT RESISTING ALLOYS 


Low Vanadium Fuel; 


Specimen Composition, “% Wt 
: > 


0.026 
0.02 

0.020 
0.021 
0.018 


no other constituent could be determined quantitatively. 
The scales from the three specimens, 1, 2 and 4, con 
tained both oxide Fe;0, and a-FesQ;, but 
in those from the two high nickel alloys, 3 and 5, only 
Fe,;O, was found. 

Metallographic 
following main features 


magnetic 


analysis of the tubes showed the 


1 Per Cent Cr 


The microstructure consisted of the normal ferrite 
and pearlite, but with the grain size somewhat enlarged 
under the influence of heat. As with all the tubes, the 
metal modified in the heat-affected the 


thermocouple weld 


was area of 


a , Per Cent Cr 


The microstructure was only affected in the weld 
zone; some increase in grain size had occurred in the 
heated zone. The British steels had a much larger grain 
size than the Swedish but their resistance to corrosion 
was about the same 


3.5 Pe yr ¢ y, nt ¢ 7 


The corrosion rate less than that of the low 
chromium content steels. Normal microstructures were 
found and the hot zone material was little different from 


the unaffected metal 


was 


17.5/18 Cr: 11 M 


These showed least corrosion. It was not possible to 
the specimens sufficiently for good photomi 
crography, but all displayed normal microstructures. 
Twinned austenite was present in both heated and un- 
affected metal 

The results of the metallographic examination of the 


polish 


' 
Fig. 2—Pressure drop readings during 200 hr run with high vanadium fuel: 
no additive. Note that there wes very little tendency for the pressure 
drop to increase 
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LOSS IN WEIGHT 


Length of Run 


AND ANALYSIS OF SCALES PRODUCED AT 1500 F 


650 Hours 

Weight Analysis of Scale 
Loss % Wt 

G/Cm? F Na 

0.155 

0.099 0.22 
0.374 $ 0.37 
0.085 0.95 
0.102 


alloy specimens are described in detail in Appendix II. 


BEHAVIOR OF SUPERHEATER STEELS: HIGH VANADIUM 


FUEL 


Three each of 200 hour duration, have been 
made so far. The first was a contro! to determine the 
influence of the high vanadium content on corrosion 
The second and third were carried out 


Swedish and Norwegian dolomite 


runs, 


and deposition. 
with injection of 
respectively. 

The same combustion conditions were maintained as 
in the run with low vanadium fuel and the tube metal 
temperatures were generally in the same range. Some 
of the high Cr steels in the first two rows were, however, 
maintained at temperatures of 1202 F and 1292 F. 
In the control run, the pressure drop across Bank | and 
across both banks showed little tendency to increase 
Fig. 2, and the tubes at the end of the run were covered 
with relatively thin but hard scales. 

With injection of Swedish dolomite, the pressure drop 
began to increase very rapidly after about 150 hours, 
Fig. 3, and it was doubtful if the run could have been 
extended much beyond the 200 hour test period without 
enforced shut down. Examination of the tubes showed 
that heavy deposition had occurred with almost complete 
bridging across the gas passes through the front rows. 
The deposits were extremely hard and wedge shaped with 
maximum thickness of | inch. 

The effect of injecting Norwegian dolomite, with a 
higher magnesium content, was to bring about a steady 
increase in pressure drop almost to the same high value 
attained with Swedish dolomite. Heavy deposition had 
again occurred, but the deposits were much softer and 
less adherent. ‘‘Cracking off’’ occurred when the tubes 
cooled down. 

Complete analyses of deposits and corrosion rates for 


2 


“ 


| 
| 

[ 

| 

| 


z 
« 
ais 
) 


4 TUBE BANE i 





Fig. 3—Pressure drop readings with high vanadium fuel and dolomite 
injection to furnace 
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TABLE V EFPECT OF LON INJECTION ON CORROSION 
Me: 
Tube 
Bank 
I 
l 


, 


1 


Tube 


, 


1 
1 


vet available Corrosion data tor 


all 


Swedish steel tubes are given in Table V 


tubes are not 


DEWPOINTMETER READINGS 


When low vanadium fuel the 
dewpoint of the gases leaving the combustion chamber 
was 300 F and this increased very slightly after the tube 
banks. The rate icid build-up showed the usual 
variation with detector probe temperature (9), maximum 
Very high rates 


oil was burned, acid 


Ol 


values being obtained at about 250 F 
of build-up were measured, the values obtained on the 
gases after the tube banks being about 20 per cent higher 
than those recorded on the combustion chamber exit 
gases 

With the high vanadium fuel oil the acid dewpoint was 
280 F, but the rate of acid build-up re 
mained high. The effect of dolomite injection was to 
reduce the dewpoint 10-20 F, greater reduction occurring 
with Norwegian dolomite, and to halve the maximum 


rate of build-up at 40 F below the dewpoint 


lower, about 


Discussion 

Once the desired operating conditions were reached the 
rig was stable and easy torun. As the temperature of the 
gases entering the tube banks was above 1800 F and the 
calculated gas velocity across the tubes in excess of 30 
ft/ the conditions in the high temperature zone were 
similar to those in the superheater passes of full scale 


sec, 


plants 

\t the end of all runs the tubes in No. 2 bank appeared 
to be in much better condition than those in the first 
bank. The data in Ill V show that, in 
general, increase in both gas and tube metal temperature 
The lowest 


lables and 
produced an increase in rate of corrosion 
degree of corrosion, at the same metal temperature, was 
shown by the four stainless steels 

\t the present stage of the work it is not possible to 
make a direct comparison between the corrosive effects 
of products of combustion from low vanadium fuel oil 
and those from high vanadium fuel oil because of the 
different test pe riods with the two types of fuels. It will 
be noted that the rates of corrosion, quoted in in./yr, 
were in the former case extrapolated from a 650 hour 
run and in the latter from 200 hour runs. Linear ex 
trapolation has been used, but it is quite probable in view 


OF 


an 


Temperature 


SWEDISH SUPERHEATER STEELS HIGH VANADIUM FUEL OII 


Corrosion Rate, In_/ Yr 
Swedish 
Dolomite 

0.107 

0.069 

0.04 

0.033 

0.037 

0.019 

0.211 0 
0.062 0 
0. 064 0 
0.118 0.051 
0.050 0.059 
0.031 Nil 


Norwegian 
Dolomite 
0.122 
0.078 
0.049 
0.077 
0 
0 


No 
Additive 
0.176 
0.2 
0.056 
6.14 
0.074 
0.059 
0.056 
0.045 
0.065 
0.062 
0.04 
0 


027 


059 
037 
120 
O86 
109 


of the production of hard compact scales, that the rate 
of corrosion follows a parabolic law. Also, in the runs 
with high vanadium fuel oil only in a few instances were 
tubes of a given material maintained at the same tem 
perature as in the tests with low vanadium fuel oil. 

From Table IV, it is seen that specimen No. 3 had the 
highest weight loss when subjected to the products of 
combustion of the low vanadium fuel. This behavior is 
consistent with the findings of other workers (7, 8, 10), 
who reported that the behavior of high nickel alloys is not 
satisfactory in the presence of relatively high concentra- 
tions of sulfur oxides. The other high nickel alloy, No. 5, 
had a lower corrosion rate, probably because of its higher 
silicon content (8). 

When the three high Cr alloy specimens were examined 
it was noted that corrosion was mainly confined to the 
small section of the specimens which had been embedded 
in refractory cement. The two high nickel alloys were 
relatively unattacked in this zone but suffered much 
greater corrosion on their exposed surfaces. 

The results in Table V show that, when operating with 
high vanadium fuel, the injection of dolomite reduced 
corrosion of the high Cr steel tubes two or three fold. 
On the other hand, the rate of corrosion of the low Cr 
steels appeared to be slightly higher with dolomite 
injection. In the absence of chemical and x-ray analyses 
it is not possible to put forward an explanation for this 
apparent anomaly. 

With the high Cr steels, Swedish dolomite gave slightly 
better protection corrosion than Norwegian 
dolomite of higher magnesium content. On the other 
hand, the deposits from the use of Swedish dolomite 
were extremely hard and produced rapid blockage. 
[he work to date suggests that fouling is likely to be a 
problem when dolomite is used on boilers of advanced 
superheat in which high vanadium fuel oil is burned. 
a grade with high magnesium content will, 
and less adherent 


against 


rhe use of 
however, tend to produce 
deposits, more easiiy removed by soot blowers. 

It can also be concluded that: (a) for superheater 
tubes operating at 900-1300 F, the corrosion resistance 
(6) for uncooled 


softer 


increases with increasing Cr content; 
heat resisting alloys at about 1500 F stainless steels are 
more resistant than nickel based steels to the products 
from low vanadium, high sulfur fuel oil. 


Part 2—Low Temperature Corrosion 


FORMATION AND BEHAVIOR OF SO 


he concentration of SO; in the flue gases from oil 


fired installations depends on several factors, including 

the sulfur content of the oil used, the flame temper 
. « . 4 - . 

ature, the air/fuel ratio and the extent of catalytic sur 
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EXCESS AIR 25% 
GAS SAMPLES FROM COMBUSTION CHAMBER (1830 °F 
@ GAS SAMPLES FROM COOL CHAMBER (650°F) 


AS—P PM 


> 


SO 3 CONTENT OF Ory 


4 
3 s 











FUEL SULPHUR CONTENT —%/e WEIGHT 


Fig. 4—Experimental furnace—variation of SO; content of flue gas with 
sulfur content of fuel 


— 


Fig. 5—Plan of experimental furnace 


faces present, and can therefore vary considerably be 
tween different installations (12). 

The results shown in Fig. 4 were obtained on the smal! 
refractory-lined furnace illustrated in Fig. 5 and which 
has been described in detail elsewhere (13). The furnace 
was operated at 25 per cent excess air and with a com 
bustion chamber exit gas temperature of 1830 F. A 
variety of fuel oils of different sul‘ur content was used 
and intermediate sulfur concentrations were obtained by 
blending with carbon disulfide. 

The SO; content of the gases increased from 10 ppm 
for gas oil of 0.12 per cent by weight sulfur to 40 ppm 
for fuel oil containing 5 per cent sulfur. The percentage 

sulfur to SO; (Fig. 6) decreased with 
increasing sulfur content and fell almost linearly from 2 
per cent with fuel containing 1.5 per cent sulfur to | per 
cent conversion with a 5 per cent sulfur fuel oil. 

Over the last two years tests have been in progress on 
a marine type, water tube boiler (Fig. 7) of maximum 
rating 85,000 Ib/hr to determine the effects of burner 
type, operating conditions, and additives on the corrosive 
Che results of SO; determinations 


conversion of 


nature of the gases 


ATION IN GASES FROM MARINE.-TYPI 


BOILER 


r ABLE VI--SO; CONCENTR 


Boiler 
Load 
1000 Lb/Hr CO. SO: 
Mol ) Ppm 
6 5 6 932 f eater outlet 
f 1006 eater outlet 
6 1140 -ater outlet 
t 1000 pater outlet 
heater inlet 


Position 


2 

l 1015 

1 1244 A heater inlet 

1 f 1030 A heater inlet 

1 1170 A heater outlet 

l 1170 heater outlet 

1 1170 Air heater outlet 
After 1.D. fan 

Air heater outlet 

Air heater inlet 


1 
l 
l 
l 
l 
l 
l 
l 
l 
l 


10 1040 
10.3 } 1191 
10 4 1164 
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COMBUSTION 
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WATER - COOLED 
coll ~ 











INSULATING 
BRICKWORK 


(7) REFRACTORY 


on the gases from the combustion of fuel oil containing 
2.8 per cent sulfur are shown in Table VI. 

Similar conversions of sulfur to SO; have been reported 
by Corbett (14) and, more recently by Jarvis (15). 

Corrosion probe results are given in Fig. 8. The 
determinations were made at positions before and after 
the air heater, and it was found that the level of corro 
sion after the air heater was considerably higher than 
that upstream of the air heater at the same probe tem 
peratures. 

Higher dewpoints and rates of acid build-up were also 
obtained on flue gas at the air heater outlet, Table VII. 

Similar results have been obtained on other installa- 
tions, and from the corrosion probe and dewpointmeter 
readings it would appear that further production of SO; 
was occurring in the air heater. 

Anderson and Manlik have shown recently (16) that 
when SO» was introduced into different zones of a small 
oil-fired boiler, the amounts of corrosion produced in 
each section, including the stack, were approximately 
equal. A major conclusion was that catalytic oxidation 
of SO. by fuel ash constituents could occur, even at 


ACID DEWPOINTS AND RATES OF ACID BUILD-UP 
ON MARINE-TYPE BOILER 
Acid 
Dewpoint 


rABLE VII 


Rate of Acid Build-Up (as » a/ Min) 
Sampling Point 167 F 194 F 230 1 
Air heater inlet 132 i4 
114 
103 32 
148 40 
Air heater outlet 26 ‘4 
62 
BY 
168 
138 
128 
46) 
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@ GAS SAMPLES FROM COOL 











SULPHUR CONTENT —“/eWEI GH 


. 6—Experimental furnace—variation in per cent conversion of SO, to 
SO, with sulfur content of fuel 


air heater region of boiler plant 
finely divided ferric 


temperatures in the 
Data on the catalytic activity of 
oxide have been given by Tolley (17), who stated that 
1.) per cent conversion could occur at 570 F 

However, examination of the data in Table VI shows 
occurred 
To recon 


that no change in SO; content 
across the air heater of the marine type boiler 


cile this with the observed increase in rates of corrosion 


significant 


and acid deposition, it is necessary to consider the equi 


librium governing the association of SO; with water 


vapor to form sulfuric acid vapor 
SO; X HO — H.SO, 


Che gas temperatures at the air heater inlet and outlet 
were 720 F and 400 F respectively and for gases contain 


? 


RATE mg /< 


CORROSION 





. 8—Corrosion probe test installation "C" (marine-type boiler)—No 


additives 


Fig. 9—Effect of load on dewpoint and rate of acid build up 
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o00r uct 
Fig. 7—Simplified sectional elevation of marine-type boiler, installaiion "'C"’ 
This is an 85,000 Ib per hr unit 


ing 10 per cent water vapor the corresponding degrees of 
association are 2 per cent and 95 per cent (18). When 
the gases come into contact with cooled surfaces at the 
air heater inlet the largely unassociated SO; molecules 
cannot condense to form sulfuric acid until combination 
The rate of conden 
sation and would therefore be 
lower than when association to acid is almost complete, 
as at the air heater outlet. The chemical method does 
not distinguish between SO; and H.SO, and is independ 
ent of the degree of association 


with water vapor has taken place 


subsequent corrosion 


Operational Methods of Corrosion Control 
EFFECT OF COMBUSTION CONDITIONS AND LOAD 


Both the combustion (1) and catalytic (2) theories 


of SO. oxidation stress the importance of minimizing 





DEWPOINT *F 





RATE OF ACID BUILO-UP(MICROAMPS/MIN) 











LO40 18/HOUR 
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SO; formation by operation with minimum excess air, 
and there is a wealth of information available on this 
factor. One of the most outstanding applications of the 
effect of combustion control on corrosion has been 
described by Lees (19). Air heater corrosion on 350,000 
lb/hr oil-fired units was reduced several times when 
changes in plant design and operation enabled excess 
air to be reduced from 50 per cent to less than 20 per 
cent without smoke production. 

High flame and metal temperatures, such as occur 
with flame impingement, are conducive to SO; forma- 
tion and increase in SO; content with increasing tem- 
perature has been observed repeatedly on small and 
large installations (12). In small boilers with water 
cooled combustion chambers the cooling effect on the 
flame is such that little SO; would be expected and 
experience has shown that on many such appliances 
low acid dewpoints and rates of build-up obtain. 

Operation of boilers at above design rating can accel 
erate the rate of formation of SO; by virtue of the in- 
creased flame Conversely, at low load 
SO; formation is reduced. No general relation between 
load and acid production has been established but a 
typical example is illustrated in Fig. 9. 


temperature. 


UsE OF ADEQUATE CLEANING METHODS 


Deposits on air heater and economizer tubes not only 
reduce heat transfer but may catalyze (20) the formation 
of corrosive acid 

If blockage and corrosion are to be minimized by the 
maintenance of clean surfaces efficient cleaning methods 
such as water washing must be adopted. Water washing 
can be very effective provided that adequate distribution 
is secured and that large quantities of water are employed 
in a short time 

As an initial 
difficulties, water washing was installed on the 100,000 
lb/hr boiler illustrated in Fig. 14. Water was introduced 
through evenly distributed nozzles sited at the air heater 
exit, each nozzle discharging 300 IG/hr over an area of 
3-4 square feet. Washing was carried out at regular 
intervals of 350 hours for a period of one hour with the 
boiler off load. From analyses of tube deposits it was 
estimated that air heater tube life would be increased 
from two years to seven 


step in combating serious blockage 


Control by the Use of Additives 
GENERAI 


Most of the successful additives used depend for their 
action on combination with the SO, in the 
flue gases, although a recent development has been in 
the application of inhibitors of metal corrosion by con 
densed (21). The preferred method of addition 
will depend on whether the additive is solid, liquid or 
For solid additives, the following methods have 


chemical 


acid 


gaseous 
been used 


(a) solution in oil feed (if soluble in oil) 

(6) transport by secondary air into 
chamber 

(c) injection as suspension in oil into fuel oil feed line 


combustion 


Liquid additives may be dispersed in the oil if miscible, 
injected into the oil feed line or sprayed into the flue 


gases 


COMBUST IO N—August 1959 


For gaseous additives, the problem is to distribute 
uniformly a small quantity of gas into a very larg« 
volume of flue gas. The use of distributors having open 
orifices is not often suitable, as the variable external 
pressure due to the flue gases can affect the very small 
flow of additive quite severely. A method of flow re 
striction is required which will increase the manifold 
pressure of the gas. The use of low-porosity, sintered 
disks has proved to be effective for this purpose 

For larger installations, a preferable method of dis 
tribution for gaseous additives is to dilute the gas at 
a ratio of at least 10:1 with air or with flue gas and to 
distribute the diluted gas by means of a manifold system 
with open orifices. In this case the flow of gas at each 
orifice is larger, and greater momentum is available for 
mixing. 


SOLID ADDITIVES 


A variety of solid materials has been used, with vary 
ing success, to prevent low temperature corrosion in 


oil-fired boilers. It is important, however, that the 


addition of such materials should not adversely affect 
the operation of other regions of the boiler, such as the 


superheaters. For neutralizing the SO, in the flue gases, 
compounds of the alkali metals (sodium, potassium) 
which break down to give the oxides in the flame zone 
would probably be suitable materials if it were not for 
their property of forming low melting point sulfates, 
which can produce bonded deposits on superheater 
tubes. Some members of the alkaline-earth metals 
(magnesium, zinc), however, have the necessary basic 
properties and yet do not form low melting point com- 
pounds which affect superheaters. Magnesium oxide 
and carbonate, zinc oxide and zinc metal powder have 
been used as additives against low temperature corro- 
sion in small oil-fired rigs and in commercial plant 
(22, 23), and dolomite, the double carbonate of mag- 
nesium and calcium, has also been used extensively 
(24, 25). The main drawbacks to the use of these 
materials are the difficulty of distributing them uni 
formly and the formation of products at their surface 
which impede further reaction. Frequently it is neces 
sary to use quantities of solid additives in excess of the 
stoichiometric amount and the injection of these large 
quantities can produce rapid fouling. Information on 
the rate of fouling induced by dolomite injection has 
been provided in Part | of this paper. A comprehensive 
account of trials in the UK and Europe to assess differ 
ent additives has been provided recently by Jarvis (15). 


LiguID ADDITIVES 


Little information is available on the use of liquid 
additives mixed with fuel oil or injected into the feed 
line. Trials have been made (15) with heterocyclic ter 
tiary amines sprayed into flue gases for corrosion inhibi 
tion purposes. In general, these are injected where thc 
flue gas temperature is between 390 F and 570 F 


(GASEOUS ADDITIVES 


Ammonia is the only gaseous additive which has been 
applied commercially. The results of the original re 
search work on the use of anhydrous ammonia for the 
prevention of low temperature corrosion have been 
given elsewhere (13) 
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Fig. 10—Corrosion probe tests on experimental furnace 


oa 


Fig. 11—Simplified sectional elevation of boiler with rotary air heater, 


installation “A 


The main advantages of ammonia, compared with 
the solid additives mentioned above, are its rapid diffu 
and which permit quantities little in 
excess of the stoichiometric amount to be used, in con 
trast with the 


s10n reaction 


stoichiometric 
required with the solid additives, owing to their com 
paratively low contacting efficiency 


considerable excess over 
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Fig. 12—Corrosion tests on installation "A" 


> 
13—Simplified sectional elevation of boiler with tubular air heater, 
installation “A”™ 
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The protective action of ammonia when injected 
into flue gases depends on the formation of ammonium 
sulfate. The reaction takes place in two stages, first 
the formation of ammonium bisulfate by a gas phase 
process between NH; and H.SO,, and second, the con 
version of bisulfate to ammonium sulfate by 


reaction with NH 


a surface 
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The success of the process depends to a large extent on 
the correct selection of the entry point for the ammonia. 
If the temperature is too high, a proportion of the am- 
monia will dissociate, while if the temperature is too low, 
ammonia may be taken up by the SO, in the flue gases 
with the formation of ammonium sulfite and bisulfite. 
On the basis of the original laboratory work, it was rec- 
ommended that injection be made in the temperature 
range 390-660 F 

Fhe distance of the entry point upstream of the sur- 
faces it is desired to protect, must also be as large 
as is consistent with temperature considerations and 
plant lay-out, in order to give the longest possible contact 
time and hence to ensure the most efficient reaction. 

Above about 400 F ammonium bisulfate exists in the 
liquid form and the presence of molten films on metal sur- 
faces above 400 F entails a risk of slight corrosion. 

Further laboratory work has been carried out on the 
small refractory-lined furnace (Fig. 5) to determine the 
extent and severity of corrosion by bisulfate. The degree 
of corrosion was determined by means of a corrosion 
probe at temperatures in the range 284-572 F for three 
levels of ammonia concentration. The results of these 
tests are given in Fig. 10 from which it is seen that for 
0.08 per cent by weight of fuel of ammonia, the corrosion 
due to the action of molten ammonium bisulfate reaches 
i small peak at a temperature of 482 F. Total corrosion, 
is measured by the area under the peak, was approxi- 
mately 15 per cent of that measured with no ammonia 
injection at temperatures below the acid dewpoint. 

Many industrial boilers operating at relatively low 
steam temperatures and pressures have air heater or 
economizer temperatures below 482 F, but for larger, high 
efficiency plants, the metal temperatures in these will 
probably be in this region. Although the corrosion 
risk is not serious, sticky deposits of ammonium bisul- 
fate and ash may be formed and difficulties due to this 
cause have been described (5). 

Accordingly, the laboratory researches have been ex- 
tended to investigate the possibility of eliminating the 
effects of ammonium bisulfate deposits at high metal 
temperatures, by the use of a second additive in very 
small concentrations. The injection of magnesium oxide 
0.05 per cent weight magnesium on fuel) into the com- 
bustion chamber reduced considerably the small peak in 
the corrosion curve due to ammonium bisulfate deposits 
ind deposits were dry and easily removable. The corro- 
sion curves obtained are shown in Fig. 10. A variety of 
other supplementary materials is being assessed 


Full Scale Trials on Ammonia Injection 


INSTALLATION “‘A”’ 


Exploratory trials were carried out on a boiler of 
150,000 lb/hr evaporation fitted with an economizer and 


a rotary air heater (Fig. 11). Rapid corrosion of air 
heater elemeri's had been experienced, in spite of raising 
the exit gas temperature to 330-340 F by cold air bypass 
ing, and various powdered additives had been tried 
with little success. Ammonia was added between the 
economizer and air heater by means of a distributor pipe 
running the full width of the boiler and drilled with '/ 3: in. 
holes at 1 foot spacing. The corrosion was assessed by 
exposing 28 gage mild steel test plates, of about 24 sq. in. 
exposed area, at the top of the rotary preheater elements 
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and determining the loss of weight after 6 hour periods. 
The results of the tests are given in Fig. 12, which shows 
that the corrosion was reduced to a very low level by the 
addition of 0.05 per cent by weight of ammonia on fuel. 
This boiler was subsequently converted back to coal 
firing, so that no long term trial was possible, but an- 
other boiler (Fig. 13), of the same evaporative capacity 
but fitted with a tubular air heater, was equipped for 
ammonia injection at the same installation. Ammonia 
was diluted with hot air from the FD fan at 1 volume 
ammonia to 10 volumes air and was passed into two 3 in. 
pipes, drilled with */,, in. holes, running across the gas 
path between the economizer and air heater. The con 
centration of ammonia used was 0.06 per cent by weight 
on the fuel flow, and this proportion was maintained 
irrespective of variations in boiler load by means of a 
proportioning controller in the steam offtake line. The 
air heater tubes were cleaned at two-week intervals by 
air lancing; the deposits were removed very easily. 
The exit gas temperature was reduced from 340 F-300 F, 
representing a gain in efficiency of 1.3 per cent, and after 
running for eight months, the boiler was taken out of 
service for annual survey. No evidence of corrosion was 
found in the air heater tubes, which were clean and 
bright after water washing; the original tool-marks 
could still be plainly seen inside the tubes. 
Another boiler has now been fitted 
injection equipment at this installation. 


with ammonia 


INSTALLATION “‘B’ 


Severe air heater corrosion had been experienced on 
a La Mont boiler of 100,000 lb/hr maximum capacity, 
necessitating a complete overhaul and extensive tube 
replacements every two years. The boiler is representa- 
tive of a widespread and popular class, which is used 
extensively in industry, especially in Europe. A diagram 
is given in Fig. 14. The ammonia injection mani- 
fold was fitted between the second and third banks of 


AIRHEATER 


ECONOMISERS 











AMMONIA 
INJECTION 





Fig. 14—Simplified sectional elevation of La Mont boiler, installation "B”’ 
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where the gas temperature was 
approximately 620 F. No corrosion had been experi 
enced in the lower tube bank, but injection in this 
achieved before the 
The distributor used 


economizer tubes, 


zone enabled good mixing to be 
gases entered the air heater tubes 
was of the type employing sintered, stainless steel disks 
is flow restrictions and a central tube to 
which several side tubes were fitted carrying sintered 
disks at their extremities 
that good coverage ol the economizes cross section was 
obtained. In order to remove quickly and efficiently 


the soluble deposits of ammonium salts, which slowly 


consisted of 


The nozzles were spaced so 


build up on the tube surfaces, water washing equipment 
was installed for the air heater and economizer. 


Che boiler was run for approximately 400 hours 


without the injection of ammonia \ number of selected 


ur heater tubes was then scraped over a given area, 
using a similar technique to that described by Lees 
25), and the iron contents of the scrapings were deter 
the the 


tubes water washed 


results wastage rates ol 
rhe 
a similar trial was made using 
an ammonia injection rate of 4 lb hr or 0.08 per cent 
by weight on fuel. The results are Table VIII 
results to date it is estimated that the life 


vears by 


From these 


calculated 


nuned 


tubes were were 


to remove deposits and 


given in 

From the 
of the 
the use of water washing and with ammonia injection to 


tubes would be increased to about 7 


ibout IS years 


INSTALLATION *‘€ 


\ series of trials was carried out on the marine-type, 
water-tube boiler, illustrated in Fig. 7 
Originally, the ammonia injection point was positioned 
air heater inlet, but experience 
resulted, owing to the 
available to the flue before 
The distributor 
superheater bypass to 


previously 
ibout 2 feet from the 
that 


mixing 


showed poor distribution 


short time gases 
was 
the 


was 


entering the air heater tubes 
back the 


horizontal duct; 


moved beyond 


end of the ammonia distribution 


then satisfactory owing to the longer contact time avail 


=! Oar 


me 


CORROSION RATE 








PROSE TEMPERATURE - °F 


Fig. 15—Corrosion probe tests at air heater inlet on installation ''C" (marine 
type boiler) 


40 


WASTAGE RATES OF AIR HEATER TUBES FROM 
WITH AND WITHOUT AMMONIA INJECTION 


rABLE VIII 
INSTALLATION “B 

Wastage Rate, 10 * Inch per 100 Hours 

Water Washing 
Water Washing 0.08% Wt. Ammonia 

lube No No Ammonia on Fuel 
l 1.2 0.3 

0.4 0 
; 1.3 1 
t 1.0 1 
1.0 0 
0.4 0 
0.4 0 
~ 0.8 0 
Mean 19 0 


) 


able. The distribution used was of the type 
employing sinters as flow restrictions. 

rhe results of corrosion probe tests at the air heater 
inlet and outlet are shown in Figs Com 
parison with the curves in Fig. 10 show that the injection 
of ammonia at the rate of 0.05 per cent by weight of 
fuel reduced corrosion very considerably at tempera 
tures below the acid dewpoint of untreated flue gas. 
Slight ammonium bisulfate corrosion occurred when 
the probe was maintained above 400 F at the air heater 
However, the metal temperature at the hot end 
this level and no bisulfate 


This was confirmed when 


system 


15 and 16. 


inlet 
of the air heater is below 
attack would be expected. 
the boiler, which is normally used only for peak load 
demands, was operated at full load for 500 hours with 
ammonia injection. Examination of the air heater tubes 
showed no signs of bisulfate attack and the deposits were 
dry. Over the 500 hour run the pressure drop across the 
air heater had increased 20 per cent. 
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Fig. 16—Corrosion probe tests at air heater outlet on installation "'C”’ 
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Appendix | 


CHEMICAL DESCALING METHOD 


The steps involved in the descaling process were as 
follows 


Boil for an hour in a solution of 
weight sodium hydroxide, 2 per cent by weight 
potassium permanganate, 68 per cent by weight 


30 per cent by 


water 
Wash under water and scrape with a wire brush. 
Immerse for two minutes in a solution at 60 C of 


25 per cent commercial concentrated nitric acid 
5 per cent 20 100 hydrogen peroxide, 70 per cent 
water. 
Again wash and scrub with a wire brush or apply 
greater mechanical abrasion. 
Where necessary steps 1-4 repeated 
In all cases, blank tests were carried out with un 
corroded test pieces to determine the loss of metal due 
solely to this process, and a correction was applied to the 
corrosion calculations. 


Appendix Il 


METALLOGRAPHIC EXAMINATION OF HEAT 


Specimen No. 1—20 Per Cent Chromium, 7.2 Per Cent 
Nickel 

Metallographi X100 magnification 
of a polished section of this material showed a general 
attack to have occurred with some shallow pitting. 
At X300 magnification, however, intergranular attack 
was revealing. Etching with a reagent for showing the 
general microstructure revealed a second grain boundary 
phase which probably was (or had been) ferrite. Little 
reaction was experienced with a reagent which attacks 
ferrite, but etching with alkaline permanganate, which 
attacks sigma-phase, suggested that 
largely composed of this latter phase, probably formed by 


examination at 


these areas were 
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RESISTING ALLOYS 


decomposition of the ferrite (sigma-phase 1s an inter 
metallic compound of approximately equal parts of tron 
and chromium, with a low corrosion resistance). This 1s 
consistent with the experimental conditions, since the 
alloy was heated for a considerable time in the critical 
temperature range for sigma-phase formation (ca 900 

1700 F). It is conceivable that much carbide precipita 

tion occurred during the experiment, and this would 
denude the surrounding areas of chromium, thereby 
reducing the corrosion resistance of the chromium starved 
material. However, the attack took place on the second 
phase, and the formation of sigma-phase is therefore the 
more likely reason for the intergranular attack. 
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Specimen No. 225.9 Per Cent Chromium, 18.5 Per Cent 
Vii kel 

As with specimen No. |, etching with a general reagent 
revealed a second phase mainly located at the austenite 
Corrosion was confined almost en- 
Some reaction also occurred 
the f 


grain boundaries 
tirely to this sigma-phase 
with Murakamui's 
carbides in the microstructure 

The formation of sigma-phase and the precipitation 
of carbides are normal for this type of steel when oper 
ated in the temperature range 1112-1472 F. 

Che formation of the sigma-phase would be particularly 
favored in this case by the relatively high silicon content 
he same conclusion may be drawn, 
therefore, that is, that inter 
granular attack took place on the sigma-phase, although 
the corrosion was much heavier 


reagent, denoting presence of 


of the material 
as for specimen No. 1, 


Specimen No. 3--11.9 per cent Chromium, 59.5 Per Cent 
Vickel 

Che microstructure consisted of austenite with heavy 
grain and grain boundary precipitates, those near the 
outside edges of the specimen being agglomerated into 
large gray A certain amount of agglomeration 
had also taken place at the grain boundaries. It was 
on this precipitated phase that the corrosion occurred. 

Heavy carbide precipitation is likely to occur in this 
alloy if it is heated for prolonged periods at high tem 
peratures, and it is thought that much of the precipita 
tion, particularly within the austenite grains, is carbide 
No mention is made in the limited literature available of 
the occurrence of sigma-phase in this type of alloy, 
and it is not known whether sigma can occur, but it is 
ibsence of delta-ferrite and the 
Nevertheless, etching with 


areas 


unlikely, owing to the 


stability of the austenite 


Compendium of Water Pollution Laws 


Pubheation of a compendium of state and federal 


water pollution abatement laws of the United States was 
announced today by the Manufacturing Chemists 
Association 

Che fifty-three chapters of the compendium cover the 
fifty those of the 


Columbia pertaining to 


federal laws and 


Puerto 


laws of the states 
District of 
water pollution 


One chapter is devoted to each state or jurisdiction 


ind Rico 


It describes the organization of the water pollution con 
trol 
scribes the 
policy, gives a résumé of the law and briefly outlines the 


commission or agency and gives its address; de 


commission's water pollution abatement 
rules and regulations in force 

Credit for preparation ol the book 
MCA’s Water Pollution Abatement Committee 1s given 
to Carl E. Geuther, of the Legal Department, E. | 
du Pont de Nemours & Co., Inc 

In the preface Mr. Geuther points out that the pur 
pose of the compilation is to provide a handbook for 
reasonably easy It is planned to keep the 


work up to date by the issuance of biannual supplements 


published by 


relerence 


which cor respond generally to state legislative sessions 

Manual W-5—Compendium of Water 
available from the 
IS25 Con 


Copies ol 
Pollution 
Manulacturing 
\ve 


Laws ir¢ at S$) each 
Chemusts’ Association, Inc 
necticut N. W., Washington 9, D. C 
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alkaline permanganate produces heavy attack on the 
large gray areas and on the grain boundary agglomer- 
ates, suggesting the presence of sigma-phase. 


Specimen No. 4—25.2 Per Cent Chromium, 12.7 Per Cent 
Nickel 


The appearance of the descaled specimens (Fig. 3) 
suggests that the corrosion suffered by this material 
was similar to that of specimen No. 2 but more wide- 
spread. Metallographic examination showed that the 
pattern was the same as for specimens Nos. 1 and 2, 
with the corrosion following a second grain boundary 
phase which was etched by alkaline permanganate. 

The composion of this alloy is critical, since the 
range of nickel and chromium contents lies at the 
junction of the alpha plus sigma, the gamma and the 
gamma plus sigma regions of the Fe-Cr-Ni system at 
1650 F. If a stable austenite alloy is required, a careful 
balance must be maintained between the ferrite-forming 
elements (such as Cr and Si) and the austenite-promoting 
elements (such as C, N and Ni). On the basis of its 
carbon, chromium and nickel contents alone this alloy 
should be asutenite, but this does not take the other 
elements or the precise operating temperature into 
account. In fact, the alloy was ‘‘out of balance’’ since 
sigma-phase was encountered at the grain boundaries, 
and this was responsible for the intergranular corrosion 
observed 


Specimen No. 5—18 4 Per Cent Chromium, 53.3 Per Cent 


Vickel 


Although not quite as badly corroded as specimen 
No. 3 this alloy suffered deep intergranular penetration 
The microstructure mechanisms are 
similar to those for specimen No. 3 


and corrosion 


Reliance Gauge 75th Anniversary 


Phe Reliance Gauge Column Company, Cleveland, 
Ohio, has been celebrating its seventy-fifth year during 
1959. Continuously since 1884, this company has pro 
duced water columns, water level gages and other equip 
ment designed to aid steam power plant operators in 
keeping a safe check on water levels in boilers and other 
vesse Is 

rhe first patent Alarm” Water 
Column to Cleveland inventors, Frank Bort and Jackson 
\llen, on October 7, ISS4. The’ original company 
known as “‘Reliance Gauge Co.” operated until 1910 
when new owners incorporated under the present name 

Through the years, Reliance developed ever-improving 
cocks, and 


wus issued on the 


types of floats, gage valves, gage (or ‘‘try 
gage inserts which were found necessary when pressures 
exceeded the safety factor for tubular glass. Precision 
made forged steel bodies with efficient finger-type and 
solid plate clamping for both prismatic and mica-pro 
tected flat glass became the standard for higher pressure 
gages. An all mica window was introduced for high 
pressure use, to resist the erosion common to glass, and 
the effects of most chemicals. 

Visibility of gages became a problem as boilers grew in 
and Reliance introduced 


size 


particularly in height 
gage illumination, vision-focusing hoods, and reflector 
type or “periscope” hoods to throw gage images down 


ward to a floor-stand mirror on the operating floor. 
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By IGOR J. KARASSIK* 


Worthington Corp. 


The boiler feed pump and its associated equipment 
represent a major operating and maintenance con- 
sideration in today's power plant. Here we run in 
question and answer form a series of clinic sessions 
on various boiler feed pump problems. The replies 
are the work of one of the topmost pump authorities 
and give specific information which we hope will 


prove valuable to our readers. 


Steam Power Plant Clinic—Part X 


(QUESTION 
~ 


We would like to ask your opinion relative to the safety of 
our projected feedwater suction arrangement from the point 
of view of the transient conditions incidental to sudden load 
We will be installing a 300,000 kw unit which will 
be served by three so-called one-third capacity boiler feed 
pumps without a spare Each pump is rated to handle 
820,000 lb/hr of feedwater coming from a deaerating heater. 
At the 305,550 kw. the following condi 


tions will prevail 


drops. 


maximum load of 


2,122,000 lb/hr 
S3.1 psia 
314.7 F 

284.8 Btu/lb 


Flow to the boul 
Heater pressure 
Feedwater temperature 
Feedwater « nthal py 


The heater pressure will be prevented from falling below 
the atmos pheric pressure by means of auxiliary steam admis 
sion at light loads through a pressure reducing valve, set to 
maintain a minimum heater pressure of 20 psia. At the 
minimum flow of 350,000 lb/hr to the boiler, the condensate 
delivered to the heater will have a temperature of approxi 
mately 170 F and an enthalpy of 138 Btu//b. 

The deaerator storage tank, which is 11 ft 6 in. in diam 
eter by approximately 46 ft 6 in. in length, will have a 
maximum storage level of 5 ft 3 in. above the centerline of the 
tank, at which level it will hold 32,700 gallons of feedwater. 
At the minimum expected level of 1 ft 9 in. above the center- 
line, the storage will be 22,700 gallons. Should the storage 
level fall below this minimum, a transfer pump will deliver 
cold condensate from a separate makeup tank to the heater. 

You will see from the attached schematic drawing, Fig. 1, 
of the suction piping that the main suction header is 24 in. 
piping, branching out to the three boiler feed pumps with 

2-1n. lines. The volume from the storage tank outlet to the 
branching out of the connections and the volume of the indi 
vidual lines to the pumps is shown on the drawing. 

Based on this information, could you advise us whether 


* Consulting Engineer and Manager of Planning, Harrison Div 
ASME Paper 53-F-32, by I. J]. Karassik, G. H. Bosworth and W. D 


Elston, presented at the Fall Meeting, Rochester, N. Y. October 5-7, 1953 
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the arrangement will be safe against possible difficulties 


from transient conditions following a trip-out of the unit? 


ANSWER 


The analysis of the effects of sudden load drops on the 
performance of boiler feed pumps operating in open feed- 
water cycles has been presented in the paper “Centrif- 
ugal Boiler Feed Pumps Under Transient Operating 
Conditions’! to which I refer you for a complete treat- 
ment of the subject. This paper outlined a method of 
comparing the predicted actual rate of heater pressure 
decay per unit of volume of feedwater pumped to the 
allowable rate of pressure decay. Operation of the boiler 
feed pumps at flows in excess of those at which the actual 
rate exceeded the allowable rate would lead to flashing of 
feedwater in the feed pumps and cause serious difficulties. 
Means were indicated to establish the values of these 
actual and allowable rates of pressure decay. 


RAERATOR STORAGE 


Fig. 1—Schematic drawing of a suction piping arrangement whose safety 
diti from sudden load drops is analyzed and pre- 
cautions suggested 





under transient c 
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\s far as the a//owable rate was concerned, it was stated 
that following a sudden load drop, the feedwater in the 
took 


colder feedwater from the 


suction piping a certain time to void this piping 
the 


the boiler feed pumps 


before heater could reach 
Chis time lag, called the ‘‘resi 
is equal to the volume of the suction piping in 


Che 


rate of pressure decay is equal to the excess 


dence time 
inches divided by the feedwater flow rate in gpm 
ad a aole 
NPSH 

N PSH) divided by the residence time 
the a ol 
volume pumped, we divide the rate in feet per minute by 


the difference between the available and required 
If we want to find 
owable rate pressure decay in terms of units of 
flow rate 


labk 


pressure 


I shows the calculations for the allowable rate of 
for flows to the boiler from 600 to 5700 
It has been assumed that the balancing device 
leak-off, is 50 gpm per pump and that it is re 
to the three 
pumps running, the flow in the suction piping exceeds the 
150 gy 

I have shown on your curve of available and required 
NPSH, Fig. 2, the of the excess NPSH | 
have superimposed on the same curve the ‘‘residence 


decay 


gpm 
flow, o1 


turned deaerating heater Thus, with 


flow to the boiler by mn 


magimituce 


also 


rABLE I ANALYSIS OIF 


dwater Flow dg in GPM Residence Time, te in Min 
lotal Gre Flow, Includ 
in Balancing Device 
Leak -off In In ro 
Phrough a Common Line to 
Pump Pipe Pump No 
2.66 1.77 
1.47 0.98 
1 02 0.68 
0.78 0.52 
oon 0 42 
0.53 0 
0.46 0.30 
10 0.27 


77 0.24 
$4 0 


ALLOWABLI 


tal In Ft 
to pump 


Editor’s Note: 
number of inquiries have been made on the individual 
Recently 


Since the inception of this series a 


Clinic problems discussed by Mr. Karassik. 
readers have asked if they can present problems of 
These, the 
He will answer 


their own to Mr. Karassik for his comments. 

author assures us, are most welcome. 

readers directly and we shall publish these answers 
as quickly as our schedule permits. 


Fig. 2—Curve of available and required NPSH conditions with residence 
time for the No. 3 pump of Fig. 1 superimposed to permit analysis of the 
system 


time t’’ in the suction piping for pump No. 3 which has 
the greatest suction piping volume 

\s an example of these calculations, take a flow oi 
3000 gpm to the boiler. The flow through the pumps, 
including the balancing device leak-off will be 3150 gpm 
Che residence in the common suction piping will be the 
volume in gallons contained in the 24-in. pipe from points 
\ to B, Fig. 1, divided by the flow rate, viz: 1990 + 3150 
or 0.63 minutes. Pump No. 3 will have a flow of 1050 
gpm through the 442 gallons (equivalent volume from B 
to E, Fig. 1.) of its own suction piping and the residence 
time therein will be 442 1050 or 0.42 minutes. The 
total residence time from heater outlet to the suction of 
pump No. 3 will be 0.63 + 0.42, or 1.05 minutes. 

At 1000 gpm net pump flow, the available NPSH, Fig 
2, is SS ft and the required NPSH is 32 ft., so that the 
excess NPSH is 53 ft. The allowable rate of decay will 
1.05 or 50.5 feet per minute. Dividing this 
by the flow from the heater (3150 gpm as above and 
expressing our decay terms of 100 
pumped), the allowable rate of pressure decay will be 
50.5 + 31.5 or 1.60 feet per 100 gallons pumped. These 
calculations can be repeated for the entire range of flows 


then be 53 


rates in gallons 


PRESSURE DECAY RATI 


NPSH in Ft Allowable Decay Rate 


100 
val. Pumped 

Required ip/dq 
1.0 l 
1.0 1 
10.0 1 
10.5 54.5 ‘ 1 
5 I 
1 
! 
l 


6 


6 
66 
66 
6 


4 
32.0 


16.0 1 
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The ASME paper referred to above showed that the 
actual decay rate, if expressed in terms of units of volume 
pumped out of the heater, was independent of the feed- 
water flow rate and could be calculated from the fol- 
lowing relation 

dh, (Azo — h2) 


d, Q,,/100 
where: 


dh, 
d, 
hyo enthalpy in heater at initial load 

he» enthalpy of condensate at final load 


actual decay rate in Btu per 100 gallons pumped 


In this particular case, we have been given a value of 
hz 284.8 Btu and h,» 138 Btu. We can now cal- 
culate the actual decay rates for both the maximum and 
the minimum levels in the heater storage tank. 


dhx dq 

in Btu/100 gal 
— 0.448 
—(0.645 


dp/dq 
in ft/100 gal 
— 1.27 


— 1.80 


Level 


Maximum 
Minimum 


These values have been plotted on Fig. 3, where they 
are superimposed over the curves of the a//owabdle rates of 
pressure decay. It appears immediately that the instal- 
lation is not safe against the detrimental effects of a 
sudden load drop, since the allowable rate of decay falls 
below the actual decay rate with minimum storage level 
at all flows to the boiler. It is only when the level is 
maintained at its maximum value that pumping to the 
boiler can take place at flows up to 5100 gpm (2,320,000 
lb/hr) without flashing at the pumps. 

It is true that following a sudden load drop, the steam 
flow will be reduced immediately and the feedwater flow 
will follow this drop almost instantaneously. -However, 
shortly thereafter (in a matter of seconds), the action of 
the feedwater regulator responding to boiler shrinkage 
will make the feedwater flow bounce back up to some 
undetermined new rate considerably in excess of the 
steam flow. Exactly what this new rate will be, I have 
no means to predict, since it will depend on the type of 
your feedwater controls and on their adjustment. Never- 
theless, most installations that I have encountered ex- 
perience a very appreciable so-called ‘‘bounce’’ in feed 
water flow. It is therefore essential that it be possible 
to handle appreciable rates of flow after a sudden load 
drop without having the actua/ rate of decay exceed the 
allowable rate 

One means of improving the situation immediately 

Che velocity in the common suction 
increased without affecting the friction 
losses adversely in this particular case. If you were to 
use a 20-in. header instead of a 24-in. pipe, you would 


comes to mind 
header can be 


reduce the time lag in the common pipe by about 30 
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Fig. 3—Plotting the actual feedwater pressure decay rates against the allow- 
able ones for the existing system of Fig. 1 and a suggested changed piping 
(20-in.) shows the problems a sudden load drop presents 


per cent with a very beneficial effect on the a//owable rate 
of decay. For instance, at a flow of 2400 gpm to the 
boiler, the residence time in the suction piping would be 
reduced from 1.30 to 1.06 minutes and the allowable 
decay rate from 1.64 to 2.01 feet per 100 gallons pumped 
out of the heater. The effect of the change from 24-in. 
to 20-in. piping has been indicated on Figs. 2 and 3. 

This may not necessarily be a fully sufficient margin of 
safety. You have mentioned that controls are provided 
to introduce cold makeup into the deaerator under low 
level conditions. Should this low storage level coincide 
with a unit trip-out, the actua/ pressure decay rate may 
be considerably aggravated by the sudden admission of 
an appreciable quantity of cold water into the heater. 
Note that the relation given above for the actua/ rate of 
decay was developed on the basis of the simplifying 
assumption that flow into and out of the heater balance 
even after a trip-out. If the cold water flow into the 
heater exceeds the flow out of the heater, the actual de 
cay rate will exceed that given by the relation developed. 

As a result, it may be wise to consider a second pre 
cautionary measure in the form otf an “‘anti-flash’’ con 
trol. This is a control which is sensitive to a deficiency 
in available NPSH when compared to the required 
NPSH and which can be made to actuate a valve in 
tended to admit auxiliary steam to the heater or cold 
water directly to the boiler feed pump suction. Either 
of these two actions are, of course, effective in reestab- 
lishing the necessary excess of available over required 
NPSH. You have stated that you already have a steam 
admission valve intended to prevent operation of the 
heater at below atmospheric pressure. The expenditure 
would therefore be limited to the control element only, 
since the valve to admit auxiliary steam is provided. 

I repeat that the such an ‘‘anti-flash’’ 
control may be a wise precaution, but the substitution of 


inclusion of 


20-in. pipe for 24-in. is a must. 





THE WESTERN PRECIPITATION 


“Transistomatic’ 
CONTROL 


BY FAR, 

the 
Industry's 
Most 
Advanced 
Precipitator 
Contro/... 


NO TUBES: NO RELAYS! NO COUNTERS! 


HA CONES F lip CLC. Gwciiee! 


In the electrostatic precipitation of dust, fume and YSZ ACCURACY! The “'Transistomatic’’ does not 


-_- 


fly ash, no installation is completely modern base its ‘‘sensing”™’ action on spark frequency alone—or spark intensity alone. 


_ 
without automatic control to maintain optimum Instead, it continuously integrates BOTH frequency and intensity to establish 
; Precipitator efficiency as the characteristics of the 

gas stream fluctuate. Compared with manual 


control, automatic control is not only 
more sensitive and more efficient, but actually wre 
costs less because of the vital savings it makes in DEPENDABILITY! The “Transistomatic’’ unit 


labor and operating costs savings so important contains no parts of any kind requiring regular replacement. Moreover, 


an overall ‘power value"’ that provides a new standard of control accuracy! 


that no profit-minded operator will want the entire unit is completely sealed—moisture-proof and watertight. 
to be without them. 


But the important point to remember is this — wee 
- Although many manufacturers of precipitation GUARANTEES! The “Transistomatic” is so 


equipment offer units for precipitator aviome- foolproof and trouble-free it carries a lifetime guarantee! 
tion, no other unit is equal to the ‘Transisto 
matic’’ Control for foolproof simplicity, rugged 


dependobility or contro! accuracy! BEFORE YOU BUY ANY avtomotic precipitator control, be sure «* 


a . a oy Cd 
to get the complete “Transistomatic’ story. A folder is available js¢ 
* 


giving additional data. Or see your nearest Western Precipi- 


ag 
These are not idle claims. They can be easily 


verified by making your own ts dtr dite tation representative for further details! 


WESTERN 


PRECIPITATION 


A DESCRIPTIVE BOOKLET CORPORATION 

that gives further information - : PONEES Oe Oe ar ond Equipment for the Preqeny Sean 
will gladly be sent on request LOS ANGELES 54 - NEW YORK 17 + CHICAGO 2 - PITTSBURGH 22 - ATLANTA 5 - SAN FRANCISCO 4 
Write, wire or phone our nearest office! Representatives in all principal cities 


Precipitation Company of Canada Ltd., Dominion Square Bidg., .Montreal 
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Water Treatment technology has advanced rapidly. 


But so too has boiler design. 


As a result many treat- 


ment advances are proved out on full scale operating 


boilers. 


This proving method opens many areas for 


honest differences of opinions on the technology in- 


volved and its application. 


Here is one such an area. 


It is one man’s viewpoint and it is expected others will 

feel differently. COMBUSTION will gladly print any and 

all views submitted in the belief that open discussion 
leads to quicker understanding. 


Water Side Boiler Tube Failures—their 
Origin and Treatment 


Discussers: R. C. 
5. € 


Joe McCasr 


High pressure boiler installations have increased at a 
rapid rate during the past decade. Pressures of 2400 
psi and higher are quite common. Most plants have 
operated with little or no boiler water problems. Yet 
we know that some plants have had and continue to 
have a lot of trouble, in many cases leading to tube 
his warrants some investigation as to just 


not to others Dr. 


failures 


why this happens to some and 


Dr. ULMER 


You are starting off with the $64 question and if its 
answer were known and agreed upon there would be no 
Unfortunately each party you identify as 
concerned has a different perspective as to how and 
where the problem begins and lack of agreement results. 
The boiler 
factory design and either questions water treatment or 
operating conditions. The boiler owner, having a part 
of the water treatment, has only boiler design to blame. 
The cannot contradict the 


problem 


manufacturer is sure his boiler is of satis 


water treating company 


Joe McCast 


Very well. Suppose we take the boiler owner first. 


Dr. ULMER 


I have always been intrigued with some speculation 
of the late Alex Dow of Detroit Edison Company, who 


* Director of Resear 
+ Editor, COMBUSTION 
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Ulmer,* Combustion Engineering, Inc. 
McCabe 


Ulmer, we realize problems like this are not always 
clear cut and may involve several parties. You happen to 
have worked for the three parties concerned: that 1s, 
at present you are with a boiler manufacturer and 
formerly you worked with utilities and then, somewhat 
later with a water treating company. Could you 
consider this problem from all these standpoints? In 
the first place, why is there a problem? 


boiler owner who hires him so he also blames the boiler. 
As you know, the major boiler manufacturerers have been 
forced to, in effect, operate water treatment departments 
to take care of these situations. Fortunately we have 
found that most boiler water treatment problems disap 
pear when proper attention is given to operation and to 
water treatment. Yet before someone feels this is too 
quick and easy an answer let me clarify some points. 
May I suggest that we discuss the three points of view? 
They can be in any order you wish 


What should be brought out in his respect? 


was one of those responsible for the success of the early 
power industry. He bemoaned the fact that little is 
actually known as to what takes place at the water 
metal interface of a boiler tube at various heat transfer 
rates. Actually today we still mostly speculate, es- 
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Som 


Joint 


deposit is present It is encouraging 
Research Committee of the ASME has 
study this phenomenon and 


pecially if 
that the 
developed a program to 


study limiting involved in 


especially to conditions 


boiler tube failures 
The above should not be an indication that 


As will be 


taken as 


unsound basis 


boilers are designed on an 
pointed out, years of operating experience verify present 
designs. Getting to the point, most plants are very 
carefully laid out from thermal and mechanical stand 
rhis is not always true from the water stand 
point \ctually it should be that the boiler 
is only one part of the plant for which design must be 


deaerator if 


points 
stressed 
and used, 


considered The condenser, 


heaters and the various numerous auxiliary pieces of 
Jor MecCast 


What about water purity? 


Dr. | 


You 


tamination, 


LMER 


may be surprised to hear that excluding con 
a problem. 
that 


when 


water purity 1s not much of 


available 
only 


ind evaporators are 


make-up. It 1s 


Demineralizers 


supply quite satisfactory 


Jor McCaBt 


What about operating conditions? 


Dr. ULMER 
a problem 
Phat is, 


However, at 


Normal operation does not appear to be 


systems 


with preboiler 


proper designs ol 


when a proper feedwater is available 
tention should be given to several items of an operating 
nature 

] Initia 
and debris usually 
Proper alkaline cleaning followed by 


preferred for removing this material 


Hundreds of pounds of oxide 
a boiler after erection 


cleaning 
IS present in 
acid cleaning is 
rhe acid cleaning 


should be done as near the operation date as possible 
’ 


so minimum rust will form In any case, the boiler 


should be stored under slight pressure and filled with 
hydrazine treated water 


wien 


2) Storage Chis requires careful at 


Jor McCast 
What about the Fe 


and Cu controversy 


Dr. ULMER 


It is logical that these items should receive a lot of 
attention since deposits in modern boilers consist almost 
entirely of Fe and Cu. Many plants collect and weigh 
the metallic oxides in the boiler drum on draining. As 
much as several hundred pounds often is found and, of 
the boiler with the water. 
may be removed by 


much leaves 
thousand pounds 


Plants should investigate the source of these 


course, more 
Several 


cleaning 


acid 


oxides. They usually originate in the preboiler system 
If more than 0.02 ppm of the combined oxides is present 


in the feedwater, corrective steps should be taken to 
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equipment all must be of such design as to furnish the 
boiler proper feedwater at all times, therefore, at partial 
load and start-up. Unfortunately, as many investi- 
gators have shown this is not always the case and much 
progress can be made by giving attention to items as 

|. Preventing introduction of undeaerated or partly 
deaerated condensate to the feedwater 

2. Making sure feedwater heaters do not operate 
under vacuum at times and draw in air. 

3. Not adding heater drips directly to the condensate 
system. 

!. Making 
“vented 


5. Making sure turbine gland seals do not add an 


sure evaporator vapor 1s_ properly 


appreciable amount of oxygen 


excessive condenser leakage occurs or when pick-up of 
metallic that a water problem exists 
Bypass demineralizers on the condensate or feedwater 


oxides occurs 


now are being considered to alleviate these conditions 


tention and storage under nitrogen pressure filled with 
hydrazine treated water has been found to give good 
results. 

(3) Drawing This requires careful at 
tention. Various authors have covered very well the 
various precautions that taken to insure 
proper draining and protection from dust and dirt and 


procedure ° 
should be 
corrosion even during annual inspections 


This has been a problem in 
with recent 


4) Condenser leakage 
some of the older plants. 
advances in condenser design and means for detecting 
leakage this should not be much of a problem in present 
and future plants. Where leakage cannot be controlled 
the use of by-pass demineralizers may be considered 


Fortunately 


eliminate them. These steps may range from plant de 
sign changes to raising pH of preboiler system, to use of 
filming amines, etc. 

Mention also should be made of the fact that attention 
is being given the relative amounts of Fe and Cu that 
exist in deposits. There does not appear to be sufficient 
data available to offer much support to these findings. 
That is, either or a combination of both will cause 
trouble under certain conditions. Again the JRC work 
in ASME should aid greatly in clarifying the situation 
and in achieving uniform understanding. 
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Water Treating Company 


Jor McCaBE 


That appears to cover the owners point of view pretty well, now what about the water treatment company ? 


Dr. ULMER 

There are a number of good water treating companies 
and all have the same general goal in mind. That is, 
to limit pickup of metallic oxides and to maintain overall 
and boiler water conditions 
throughout the system. As we know, in many 
excellent results are obtained. However, there 
some cases where satisfactory results do not obtain. 
These have previously been referred to and are plants 


satisfactory feedwater 
cases 


are 


Joe McCast 


Is there any way this situation could be eliminated ? 


Dr. ULMER 

There is and it has proved itself. Reference is made 
to the plant checks made in certain cases where troubles 
Unfortunately as we well know such tests 
are time require trained personnel, and 
therefore are quite expensive. Therefore, the water 
treating company cannot afford to make many, if any, 
If such tests were carried out religiously we 


persisted. 
consuming, 


such checks 


Joe McCasti 


where some design or operati.g condition exists which 
treatment alone cannot with. It is natural for 
the water treating company to be loyal to the plant 
owner who hires him. The result is that the boiler is 
blamed even though it may be identical in design to one 
where the same water treating company’s services is 
This last statement, we know, may 


ct ype 


giving good results. 
very well be challenged. 


are sure that design and operating conditions such as those 
referred to would be found. As mentioned our work has 
shown this to be the case and once ‘‘corrections’’ are made 
satisfactory results obtain. A corrolary to this, of 
course, would be that if new plant designs took these 
matters into consideration there would be little if any 


water problems. 


Do all the water treating companies recommend or use the same treatment? 


Dr. ULMER 


No, they do not, even though essentially all high 
pressure boilers have the same make-up water and general 
Some prescribe alkalinities of 30 to 50 ppm in 
Considerable free caustic is present. 
Others prescribe lower alkalinities and still others the 
Coordinated pH-Phosphate Method. Also the use of 
volatile alkalies for pH control in condensate and feed 


design 
the boiler water 


use neutralizing 
materials such as morpholine, cyclohexylamine or 
ammonia. Some use filming type amines. This is 
further complicated by the use of trade names which 
often do not indicate the material being used. Needless 
to say these conditions have not helped promote a 
clearer understanding of water treatment. 


water is far from standard. Some 


Boiler Manufacturer 


Joe McCast 


Now finally what about the boiler manufacturer's point of view? 


Dr. ULMER 


In most cases water problems have not been much of 
a problem and boilers continue to operate year after year 
without serious failures. This leads the boiler manu 
facturer to believe that if it is possible in most plants it 
should be the remainder. This general 
opinion appears justified as there is little difference in 
boilers of about the same 


possible in 
design characteristics of 
vintage. 

Probably the chief difficulty that arises where prob 
lems occur is that deposits form on heat transfer surfaces. 
The boiler manufacturer allows for some deposits but 
to the amount that can be considered 


there is a limit 
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practical. Actually some boiler owners have expressed 
the opinion that boiler designs shoud be such that de 
posits can be present. Generally reference is made to 
the fact that circulation should be such when deposits 
are present that overheating and rupture of the tube will 
not result. Unfortunately as has been pointed out by 
many investigators rupture from overheating is not 
necessarily the most common type of failure. Rather, 
thinning of the tube from attack by concentrating 
boiler water salts in the deposit is the common type of 
failure. In such cases metal temperature may only 
be a few degrees over that which would exist when no 
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However, this is sufficient to cause 
per cent 


deposit 1s present 
concentrations of boiler water to several 
strength and if free caustic is present rapid attack and 
possibly embrittlement of the tube can occur. Can the 
boiler manufacturer this will not happen? 
It might be possible to cut down heat transfer so de 


posits would not lead to overheating and rupture but 


design so 


Jor McCaBr 
What 


eliminate these 


then is the practical way to 


Dr. | 


Che 


mechanism of 


LMER 


indicated by considering the 
\s mentioned, deposits are 


“way is clearly 


failure 
must be found for elimination of 


necessary \ means 


used so that 
failures will not result if deposits do form. Although 
we as boiler manufacturers are not responsible for water 


the deposits or a water treatment must be 


jor McCast 


) 


What about preventing deposit formation 


Dr. | 


Many 
The boiler feedwater 
definitely be the source of metallic oxides that deposit in 
the boiler and lead to the failures The 
for the pick-up of the oxides also have clearly 


LMER 
written on this subject 


shown to 


irticles have been 


system has been very 
referred to 
reasons 
been defined Low pH and or the presence of dissolved 
Why then is it so difficult to 
pickup of oxides? It generally isn’t at full 
operation in pH 
i slight excess of hydrazine in the en 
will suffice. 


out ol 


oxygen are the causes 
control the 
load 


ot SS to 9 


most plants. Maintaining a 


2 and 
system 
when the units 
Start-up or at partial or low load? It 
is during that take place 
leading to pickup of sufficient metallic oxides to cause 
conditions, 


tire condensate and feedwater 


But 


ervice, or at 


what about conditions are 


these times corrosion may 


Only by consideration of these 


proper design and operation can satisfactory 


cle posits 


both by 


Jor McCaBst 


\ssuming, therefore, 


Dr. ULMER 


\s mentioned, in modern high pressure boilers very 
seldom do sufficient deposits form to cause failure by 
overheating and rupture Rather failures result 


from concentration of the boiler water in the deposit and 


most 


consequent attack by caustic present in the concentrate 
\n obvious method to eliminate this type of attack is to 
eliminate the causti rhis is possible by two general 
methods available in the industry today The first 
involves the Coordinated pH-Phosphate Control and 
the second the use of so-called zero or volatile treatment 

The first o1 pH-Phosphate Control 
consists of maintaining sufhcient phosphate to prevent 
corrosion in the _ boilet No 
rherefore, if such boiler water concentrates in deposits, 
to attack the metal beneath 


Coordinated 


Iree caustic is present 


no caustic will be present 
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would be necessary that the boiler 
would be very costly. However, as pointed out, this 
is not the usual type of failure. Cutting down heat 
transfer rates would not necessarily help the common 
type of failure due to concentrating boiler water salts 
in deposits. As pointed out only a few degrees increase 
in metal temperature is necessary for this to occur. 


so much surface 


troubles? 


treatment recommendations, it has been observed that 
good results are obtained under certain conditions and 
bad ones under other conditions. Perhaps the subject 
can be dealt with by considering (1) means for keeping 
deposits to a minimum and (2) treatments that decrease 


the possibility of failure should deposits form 


results be insured. These subjects have previously been 
referred to 
Although any deposits must be considered undesirable, 
some generally form during the life of the boiler. Gener 
ally they are confined to a small percentage of the water 
Why do they form at one location and 
Certain as inclination of 


For example, in arches, roof or 


side surface 


not at others? factors such 


tubes are obvious 
floor tubes, there is more of a chance for deposits to 
settle out then in vertical tubes. This is true not only 
during operation, but also when the unit is being drained 
However, the exact mechanism of deposit is not known 
\s mentioned the JRC of the ASME is planning to 
carryout an investigation of this subject during the next 
several years. Perhaps this program will supply an 
swers that will make possible operating without deposits 


but this is questionable 


that some deposits are to be expected, what can be done? 


the deposit. Excellent results are being obtained in 
many boilers with this type treatment today 


[ypical control of the boiler water would be 


pH 10.0-10.5 
), 10-30 ppm 
OH 0.0 or less than 2.0 ppm 


Che second, zero or volatile treatment, is rather new 
It came about by considerations given to treatment for 
once-through systems. Detailed testing indicated that 
corrosion would not occur in such systems with practi 
cally no treatment, so consideration was given to the 
use of such a treatment in natural and controlled circu 
lation boilers. Typical control of the boiler water would 


be 
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pH 8.5 to 9.5 
NH; added to feedwater to maintain pH 8.8 to 9.2 
NH, added to feedwater (twice O». concentration) 


No phosphate is used and only a trace of free caustic, 
if any, is present. Therefore, again there is no chance 
of sufficient caustic forming in deposits to lead to attack 
beneath the deposit. Excellent results are being ob- 
tained with this treatment in boilers today. 

As no phosphate is used, the objection to this treat- 
ment is sometimes raised that difficulty may occur if 
condenser leakage occurs. In fact, it is pointed out that 
varying phosphate concentration serves as an indication 
that leakage is occurring. It is true that phosphate is 
desirable if leakage occurs. Some plants using the 
zero treatment have pumps available to add to it should 
However, plants on the zero treatment 
the 


leakage occur. 
have no trouble telling when leakage occurs as 


electrical conductivity of the boiler water increases 
greatly. For example, in the absence of leakage these 
plants have a boiler water conductance of the order of 5 
micromhos. Even a small leak will increase this several 
fold. When this occurs phosphate and other treatment, 
if desired, can be added until the leakage is stopped. 

It is realized that plants not using these types of 
treatment are operating satisfactorily. However, should 
some of the operating conditions referred to obtain it is 
possible that troubles will occur. As is known, in many 
cases troubles do not arise until after several years of 
probable that adverse conditions 
existed all the time. In most cases it is considered 
that some ‘recent condition’’ caused the trouble and a 
“cure” is looked for. As pointed out, experience has 
shown that good conditions can be insured by giving 
proper consideration to plant design and operation and 
by using a “‘preventative’’ type water treatment. 


operation. It is 


Corrosion Research at the National Bureau of Standards 


Since metals were first used for industrial purposes, 
man has waged constant warfare against the forces of 
This complex process has been defined as the 
destruction of a metal by chemical or electrochemical 
reactions with its environment; and deterioration often 
proceeds in direct proportion to the aggressiveness of the 
Essentially, corrosion is process metal 
Iron, for example, occurs in nature 


corrosion. 


environment. 
lurgy in reverse 
generally as oxides or hydroxide, and is refined to the 
steels of structural use. When exposed to a corrosive 
environment, the metal tends to revert to these original 
forms, which are then called “‘rust.”’ 

As the corrosive process is influenced by many factors, 
a study of metals in their commercially usable state 
affords little information on the fundamental nature of 
the process. Such information can best be derived by 
studying the last complex from of the metal that has the 
basic characteristics of the whole, that is, metal in the 
form of single crystals. In this way, many of the cor 
rosion-influencing factors of polycrystalline materials can 
be isolated, and reproducible results can be obtained. 

Single crystals are being used in research initiated at 
the Bureau in 1955 under the sponsorship of the Corro 
sion Research Council. Chosen to investigate the 
absorbed layers that form a metal surfaces was the metal- 
water-oxygen system. Copper was selected as the metal 
because it has a face-centered cubic structure, is readily 
available in high purity, and the corrosion products 
formed are few and simple. 

Spherical specimens were initially employed in this 
work because they permit all of the crystallographic 
planes to be studied simultaneously. When carefully 
cleaned and polished specimens are exposed to water 
containing oxygen, different oxide interference colors 
appear on the various planes. Each readily 
identifiable from the patterns that are formed, indicates 
a different rate of growth of the corrosion products. 

In one study, experiments were carried out both in open 
vessels exposed to the atmosphere, and in a closed all 
glass apparatus in which the surrounding atmosphere 
and purity of the water were rigidly controlled. The 
differences in the composition and nature of the films 
that formed on similar specimens were attributed to the 
presence of carbon dioxide in the laboratory atmosphere 


color, 
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in the first experiment, and its absence under the con 
trolled conditions of the second. During this study it 
was discovered that light has a marked inhibiting effect 
on the corrosion process. 

Even the purest metals have many foreign atoms 
within their lattices. Less pure metals contain non 
metallic inclusions, metallic impurities, and other in 
homogeneities. Exposure to a corrosive medium of 
dissimilar metals in contact with each other, or of a 
metal with surface inhomogeneities causes galvanic 
(electrochemical) corrosion. Such corrosion can 
occur on metal surfaces exposed to non-uniform electro 
lytes with variations in electrical conductivity, etc. 
The electrical current associated with corrosive action 
causes the metallic area with the more anodic solution 
potential to dissolve, forming a pit in the metal surface. 
The depth of pitting depends on the amount of current 
that flows from anode to cathode, which in turn may 
depend on several factors such as anode-to-cathode area, 
environment, temperature, and pressure. When the 
mechanism that causes the first pit to form can be 
determined, a great advance will have been made in 
understanding the corrosion process. 

Galvanic corrosion which occurs on a continuous 
metallic surface cannot be measured directly. However, 
the Bureau has developed a method for evaluating this 
corrosion indirectly, on ferrous surfaces at least. In this 
method, the currents associated with the changes-in-slope 
in current-potential curves that occur during cathodic 
and anodic polarization are measured, and the values of 
applied polarizing current thus obtained are used to 
calculate the equivalent corrosion current. This in 
direct technique has been successfully applied in measur 
ing the corrosion rates of steel in low-resistivity soils 
and in salt water. A variation of 1C per cent in corrosion 
rate can be detected in this way. 

The crystal structure of metals has a direct bearing on 
stress-corrosion cracking, a particularly damaging type of 
failure resulting, as its name suggests, from the combined 
effects of stress and corrosion. Cracking may be either 
intercrystalline, as in aluminum alloys and low-carbon 
steels, or transcrystalline, as in magnesium alloys and 
stainless steels. Of particular interest are the cooper 
zine alloys, in which the attack is both ways. 


also 
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Once restricted to shop fabrication, 
K-Weld” has recently been successful- 
ly adapted by Kellogg to meet the se- 
verest specifications for welding high- 
pressure-tem perature power piping in 
the field. Currently it is being used in 
the erection of supercritical piping 
systems for some of the country’s 
leading steam-electric utilities. 
Unique among field welding tech- 
niques, K-Weld assures complete 
penetration of the root bead and a 
highly uniform internal contour with- 


oul backing ring through the use of 


controlled inert gas pressure inside 
the pipe. The technique can be used 
on pipe of any type or size during 
shop fabrication or in the field. 

Kellogg welcomes inquiries on 
K-Weld and its complete service to 
the power piping industry from con- 
sulting engineers, engineers of power 
generating companies, and manufac- 
turers of boilers, turbines, and allied 
equipment. An introduction to this 
service may be obtained by writing 
for Kellogg’s new 12-page booklet, 
“The Eddystone Story”’. 


Fabricated Products Sales Division 
THE M. W. KELLOGG COMPANY, 711 THIRD AVENUE, NEW YORK 17,N. Y. 


\ SUBSIDIARY OF PULLMAN INCORPORATED 
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K-WELDING 


IN THE FIELD 


KEEPS PACE 


As welder lays K-Weld root bead, he care- 


illy controls the pressure of the inert gas. 
sing this technique, the root bead can be 


made slightly convex, flush or concave, and 
the weld deposited with a highly uniform 


nternal contour. No backing rings are needed. 


KELLOGG], iio. 
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As a publication COMBUSTION has followed the 
education and the training of engineers entering its 
field of interest. This article discusses rather clearly 
the difficulties attendant to the application and ad- 


vancement of engineering personnel 


The Discontented Engineer’ 


HE discontent of engineers in America is a fairly 
well-known phenomenon among managers and per- 
sonnel experts. Surveys even suggest that engineering 
employees may constitute the most dissatisfied group in 
The turnover rate of from 10 per cent to 
a year and the formation of ‘Engineering 


industry 
20 per cent 
Unions,’’ which now claim to bargain for 12 per cent of 
employed engineers, indicate the need for analyzing 
reasons for this discontent. 

Such a state of affairs is variously greeted by puzzle 
ment, derision or dismay by engineering lay people. 
Viewing the excellent starting salaries of engineering 
graduates, the ever-increasing number of engineers in 
management positions, and the wide public interest in 
technical matters, some citizens are tempted to shrug off 
technical man’s distress as the whimpering of a prima 
donna. Others, thinking of days long past, still visualize 
the engineer as a single-minded misfit who can get along 
Actually, surveys of the engineer show 
He votes 
is not 


with nobody 
that he is perhaps the most solid of citizens. 
conservatively, his divorce rate is almost nil, he 
deeply in debt, and his devotion to his home and the 
education of his children is exemplary by any standard. 

Writing in the March Journal of 
Engineering Education, Professor H. A. Shepard notes 
that surveys suggest that the vast majority of working 


1957 issue of the 


February 1959 edition of ‘The 


* This article was published in the January 
1959 issue of the Journal of the 


Clarkson Letter und again in the May 
American Society of Naval Engineers, Inc 
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By HILBERT SCHENCK, JR. 
Clarkson College of Technology 


engineers want to become managers. Since only a 
relatively small proportion of any engineering group can 
achieve a responsible executive position, we might infer 
that discontent was the result of failure of the average 
engineer to achieve his goals. But such a simple ex 
planation ignores certain other surveys and opinions. 
In Electrical Engineering, April 1957, for example, a 
survey of graduating seniors in electrical engineering 
shows that 62 per cent of a 3400 man sample selected 
development engineering as their working goal following 
employment, while only 13 per cent chose manufacturing 
or production. The authors note ‘‘Here again the strong 
technical bias of students is shown. They have great 
interest in work that contributes to new things and ideas 
and therefore to the advancement of science and art of 
engineering.” 

I would like to suggest that many engineers, perhaps 


the majority of them, have as a goal, a combination of 


the two apparently divergent aims just noted. The 
engineer wishes to work on primarily technical and spe 
cialized projects. Almost all of his background and his 
formal training have equipped him for such a career. 
Most engineers are poorly trained to supervise large 
particularly when compared with 
The situation 


groups of people, 
certain business or liberal arts graduates. 
is somewhat analogous to selecting a president of a drug 
company. We might wish to appoint a medical doctor 
to this position, but we must realistically admit that few 


doctors will have the proper training for such a job. 





On the other hand, the engineer wishes to be treated as 
His difficult academic preparation 
“professional” nature, and the 


a management man 
the insistent stress on his 
wide publicity regarding his essential contributions to our 
help but instill in the engineer a 
as well as realization of his 
Since the majority of 


well-being cannot 
feeling of self-importance 
unique capacities and talents 
engineers function in an industrial situation, and since 
this to the 


natural should 


environment accrues 


that the 


maximum status in 


inanager, it is only engineer 
ispire to management levels 

Unfortunately, the 
tional life as now operative make it almost impossible 
for the engineer to reconcile this dual goal. As the 
engineer rises higher in the company hierarchy, he spends 


less and less time on the things that interest him most 


facts of economic and organiza 


\ very few companies (General Electric is perhaps the 
best example) have attempted to create a double path 
way to economic and status improvement Chose en 
gineers equipped for personnel supervision, either by 
industrial traiming in college or by inclination, follow the 
traditional management ladder. Those not inclined 
in this way rise in salary and influence by purely tech 
nical excellence How well this plan will work is difficult 
to say since it is a decidely new concept 

however, the young engineer re 
undifferentiated employee By 
forth by 
the young man sees that above a certain 
salary level, over half his time will be spent 
rating 


marketing 


In most industries 


imams as a relatively 


consulting “job descriptions” as set his com 


pany (and often 


very modest 


m emplovee supervision, job purchasing and 


procurement duties, sales and conferences 


non-technical duties rhe engineer covets 


influ 


ind similar 


the added income and substantial prestige and 


ences connected with such positions He dreads the 


dithicult problems, the dreary conferences, and the endless 
both 
submit, is 
who 


form-filling duties for which he is unprepared 


emotionally The result, | 


Further, the 


mnentally and 
frustration and discontent engineer 


hnically oriented and achieves 
high unlikely to fully 
ibilities. On the hand, his 


igerial status simply means that he has been displaced 


is essentially te never 


status 1s develop his special 


other promotion to man 
from the crucial creative phase of technology to a posi 
that better filled by a trained 


business-school graduate company 


have been 


Thus the 


tion would 
with no 
special rewards for talented technical ability does not 
ellectively utilize the engineering employee in either 
role 

One problem lies in the failure of the engineering so 
engineer from his 


American So 


cietues to properly differentiate the 


industrial partners. For example, the 


ciety of Mechanical Engineers has sections devoted to 


the purest of technical investigation and sections de 


management in the 
cannot 


When 


voted entirely to the practice of 


mechanical industries \s a result, the society 


speak or act in behalf of any homogeneous group 


this problem is aired, some societies reply that the 
working engineer and the working manager share the 
same goals and ideals and thus can live beneath the same 
roof. This seems to be more wishful thinking than fact. 
The engineer who felt in tune with his non-engineering 
boss would not join a collective bargaining unit, yet 
more and more do so each year. Actually, the man- 
aging of a company whose products are engineering or are 
based on engineering is a specialized skill related to, but 
quite different from, the technical aspects of development 
and production. It would thus be entirely appro 
priate to break away from the major societies those 
sections devoted to management and form a separate 
group with this as its main object. The remaining 
members would then have a true technical society de 
voted wholly to the problems of the working engineer 
and able to consider issues unique to this large group of 
skilled people. If a working engineer became a working 
he would then simply change societies and 


manager 
thereby find a new group whose aims and views coin 


cided more exactly with his own. 

My belief is that the true engineering society should 
not engage in collective bargaining of any sort, ,for this 
is generally incompatible with creative endeavor. The 
society should, on the other hand, carefully 
examine certain general problems and national issues 
as they relate to working engineers. The late lamented 
is an example of the lack of 


true 


“engineering shortage 
forthright leadership on the part of many of the soci 
Che president of one of the largest stated flatly 
a ten per cent de 
“engineers 


eties 
(and with admirable accuracy) that 
crease in gross national product would see 
coming out of our ears,” but voice in the 
Most of the societies publicized the “‘needs 


his was a 
wilderness 
of the engineering profession and compared our own 
supply In view of the recent drop 
in engineering employment wonders if the em 
ployer members in the societies did not speak more 


ind ‘ussia’s. 


one 
than the employee members. Discussions 1n 
“engineers punching clock, 


loudly 
volving such 
the appropriate reward for discoveries by an employed 
engineer, and the addition of clerical help to relieve 
engineers of routine duties are difficult to carry on when 
both the person to be rewarded and the man who must 
pay for it are in the same organization. Yet it is in 
these very areas that the difficult and sensitive ideals of 
“professional attitude’’ and “‘professional development” 


issues as 


are most often in doubt. 

I believe that in the long run, the engineering ex 
ecutive who recognizes the dual requirements of status 
and the creative atmosphere in enginering jobs will 
not only obtain maximum utilization of his talent but 
will obtain it at little or no increase in cost. It is usually 
far cheaper to greatly reward the few individuals with 
honest talent, than to be continually forced into spiraling 
wage rises for every Tom, Dick and Harry with a degree 
and a sliderule 
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Abstracts From the Technical Press—Abroad and Domestic 


(Drawn from the Monthly Technical Bulletin, International Combustion 
Ltd., London, W.C. 1) 


Fuels: Sources, Properties and 
Preparation 


Coal Petrology and Coal Rank--Ob- 
servations in Relation to Carboniza- 
tion. G. W. Fenton and A. H. V 
Smith. Gas World (Coking) 1959, 54 
May 2), 81-7 

rhe objectives of coal petrology and 
the methods used for determining the 
petrographic constituents are re 
viewed. The application of coal pe 
trology to improving the strength of 
coke by judicious blending of coals are 
discussed and the results of tests repro 
duced. Further work in this field is 
outlined. 


Microscopic Studies of Rate of Ther- 
mal Decomposition of Petrographic 
Components of Coal. S. Ergun, H. J 
O'Donnell and B. C. Parks Fuel 
1959, 38 (Apr.), 205-10 

Differences in the thermal behavior 
t exinites and Vitrinites under condi 
tions of slow rates of heating and in 
stantaneous heating have been stud 


ied. The results are discussed 


Chemical Structure and Properties of 
Coal XXII-—Behaviour of Individual 
Macerals and Blends in the Audibert- 
Arnu Dilatometer. I). W. van Kre 
elen, H. N. M. Dormans and F. J 
Huntjens Fuel 959, 38 \pr.), 
65-82 

rhe percentage swelling of vitrinite 
ind exinite concentrates and of blends 
tf softening and non-softening coals 
has been studied. It is concluded that 
the thermal behavior of any coal or 
blend can be « omple tel interpreted by 
means of maceral and rank analysis 
ind the knowledge of the behavior of 


the individual macerals 


Mechanical Handling 


Belting L 
149 (Apr 


Progress in Conveyor 
Walter Gas World 1959, 
+5) 784-90 

\ review of recent developments 
especially since the introduction of 
tervlene giving greater strength and 
illowing wider and longer belts to be 
made is presented. Details are given 
f carrying capacity and abrasion re 
istance of various makes 


Heat: Cycles and Transmission 


The Basic Heat Transfer and Flow 
Friction Characteristics of Six Com- 
pact High Performance Heat Transfer 
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Surfaces. W. M. Kays. A.S.M.E 
Preprint No. 59-GTP-2 1959 (Mar.), 
Ss pp 

The heat transfer characteristics 
and friction factors of four strip-fin 
type surfaces, one surface with per 
forated fin and one with wavy fins 
have been studied and the results are 
presented in tables and graphs. The 
surfaces are described sufficiently to 
enable heat exchanger design analyses 
to be made 


Steam Generation and Power 
Production 


The Influence of the Inner Heat 
Transfer Coefficient a, on the Tube 
Wall Temperature of Superheaters. 
P. Frohlich. Energie 1959, 11 (Apr.), 
149-53 (in German) 

A diagram has been worked out on 
the basis of the latest Russian and 
American data for the calculation of 
the inner heat transfer coefficient 
Its use for the calculation of the tem 
perature difference between inner and 
outer wall at full and partial load and 
the siting of the final stage of the super 
heater in an actual boiler is illustrated 
It is also shown that the diagram can 
be used to calculate the dependence of 
the most favorable steam velocity in 
the final superheater on pressure and 
temperature and the wall tempera 
tures during starting to avoid over 
heating 


Desuperheating Steam with Water. 
Bowlus Power 1959, 103 
(May), 60-3 

\n equation is developed for cal 
culating the volume of water required 
to desuperheat a given volume of 


» » 


steam from a higher to a lower tem 
perature at constant pressure rhe 
design of direct contact desuperheat 
ers is discussed and various types and 
their advantages, described These 
include the carburetor, steam-assisted 
and variable-orifice type 


Integrating Coal Properties with Boiler 
Design. DL). G. Hubert. Combustion 
1959, 30 (Apr ), 38-45 

rhe effect of coal characteristics, 
especially ash content, sulfur content 
and grindability, on the design and 
performance of feeders, pulverizers, 
burners, furnaces, superheaters and 
reheaters, soot blowers, air heaters, 


fans and dust collectors are discussed 


The Design, Installation and Use 


of Packaged Steam Generators. A 
Wilson. Steam Engr. 1959, 28 (May) 
255-66 

The various types of packaged 
boiler available in Great Britain, their 
sizes and working pressure, auxiliaries 
combustion equipment, construction 
and installation, chimneys and water 
treatment are described. Makers 
names and addresses are appended 


New Packaged Boiler. Anon. Brit 
Engng. Intern. 1959, 41 (May), 325 

The Farrapac boiler is available in 
sizes from 4000 to 10,000 Ib/h or 4 & 
1l0®to 11 & 10° B.t.u./hr. It is of the 
triple-gas pass type and designed ex 
clusively for oil or gas firing The 
rotary cup burner can handle oil up 
to 3500 sec Redwood No. 1 at 100 F 


The Operation of VTI Furnaces with 
High Slag Recovery. Yu. L. Mar 
shak and V. P. Romadin. Flekt 
Stantsti 1959, 30 (Feb.), 2-8 (in Rus 
sian) 

Operational experience and_ tests 


(Continued on page 56) 


A. W. Hindenlang Joins 
Combustion Staff 


Beginning with this issue A. W 
Hindenlang, formerly in the industrial 
division of Combustion Engineering 
Inc., joins the staff of COMBUSTION 
Mr. Hindenlang has authored a number 
of articles on industrial power and heat 
ing problems and addressed the ASME 
and ISA groups on the subject of boilet 
controls. He is a graduate of the 
University of Detroit as an aeronautical 
engineer and spent his early years with 
various aircraft manufacturers on con 
trols and component design and stress 
analysis Following service in_ the 
E.T.O. with the l S. Army, Mr 
Hindenlang accepted employment with 
Peabody Engineering Corporation, and 
gravitated toward the industrial power 
field with later service with the Pioneer 
Power Sales, Inc. and the industrial 
division of Combustion 
Mr. Hindenlang is married, the father of 
his home in 


Engineering 


three children, and makes 
Freeport, Long Island 





indicate that combustion chambers 
using intensified slag entrapment prac 
eliminate the heating 
surfaces, thanks to reduction in con 
centration and size of particles. This 
the velocity of 


gases in the convective 


tically wear of 


permissible 
section of the 
boiler to be increased. Where 90 per 
cent of ash from particular fuels is 


enables 


recovered it is possible to dispense 


yas scrubbing necessary to 
health 
regard to dust emissions 

From C.E.G.B. Digest 
May 23), 1232 


with the 


comply with regulations in 


1959 ll 


Solid Fuei Firing 


Experiences with Brown Coal Firing. 
(non Will V.G.B. No. 59 1959 
Apr.), 67-125 (in German) 
\ summary of a two-day Conference 
held in September 1957 is presented 


Fuel 


properties 


under the headings: | analy 
sis, grindability, slag 
difficulties and 
Mills (types 


feed, de 
and 


ging 
countermeasures); 2 
control 


Burn 


throughput 
wear elopments); 34 
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distribution, s! 
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temperature 
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arrangements 
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cooling refrac 
After-Com 


types, 
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CHEMICAL CO.. INC. 
136 Liberty St., New York 6, N. Y. 


Midwestern Representative: 
J. H. DeLamar & Son, Inc. 
4529 No. Kedzie Avenue 
Chicago 25, lil. 


Ask for pamphlet BW 








SET IT DOWN! 
HOOK IT UP! 


ILLGO-WAY 


a 


COMPLETE 
AUTOMATIC 
DE-IONIZER 


Here is a complete, loaded, fully- 
instrumented, automatic ionXchange 
unit in a neat, compact, and ready-to- 
operate “package.” It is equipped with 
our own Illco/Matic, all-plastic, air- 
actuated valves, which have been 
specially developed for ionXchange ser- 
vice. The Control Panel, also our own 
design and manufacture, provides all 
necessary quick-adjustment features, 
and requires only electrical hook-up to 
the terminal box on the frame. The 
only other connections required are to 
plant service. 


FULLY ASSEMBLED AND 
READY TO INSTALL 


All structural assembly of elements, all 
piping, all wiring, and all installation 
of air lines is done in our factory by 
men of long experience. Then the unit 
is tested for proper operation of all 
circuits, loaded with the proper sup- 
porting beds and resins, painted, bolted 
to a skid, and crated for delivery to the 
exact spot it will be used. This is the 
quickest, easiest, and surest way for you 
to get a reliable, ready-to-go ion X changer 
— arranged and instrumented to suit 
your special needs, whatever they are. 


Write for Particulars 


ILLINOIS WATER 
TREATMENT CO. 
840 Cedar St. 
Rockford, Ill. 
NEW YORK OFFICE: 141 E. 44th St.. New York 17, NLY. 
CANADIAN DIST.: Pumps & Softeners, Lid., London, Can. 


pulverized coal and air ducts (cross 
fouling); 7 Convection 
(fouling, 
corrosion, 


sections, 
heating surfaces 
against fouling, 
8. Control (coal feed, air, flue gas) 


measures 
er¢ sion r 


Liquid and Gaseous Fuel Firing 


The Presidental Address 1959, ‘‘Oil 
Burners—-1859 to 1959.”’ T.C. Bai 
ley J. Inst. Fuel 1959, 32 (Mav), 


202-9 


Landfernmann 
175-6 (in 


Oil Firing. C. A 
BWK 1959, 11 (Apr ,. 
German) 

A brief review of the new German 
standards*and papers published dur 
ing 1958. 


Dimensionless Coefficients of Mix- 
ture Formation in Combustion Cham- 
bers. Pt. III. W. H. Fritsch. Ene 
gie 1959, 11 (Apr.), 143-8 (in Ger 
man) 

rhe performance of an experimental 
burner operating with an oil pressure 
of up to 7000 psi, axially controlled 
and a double 
screen is discussed; the 
pose of the remove all 
large oil droplets and thus to make the 
mixture more uniform his results 
in a disklike instead of the 
cone-shaped flame and an almost uni 
form CO. content of the combustion 
combustion 


air nozzles rotating, 


walled pur 


screen is to 


usual 


chamber 
cross-section By a of oil 
pressure and movement of the 
burner nozzle a turndown ratio of 1:14 


gases over the 


variation 
axial 


can be obtained 
New Special Oil Burner for Industrial 
Heat. G. J. Rickhey Tech. Mitt 
1959, 52 (Apr.), 154-5 (in German) 
Two burners are briefly 
with 


described first 


types of 
rhe 
pressurized air at 0.05-2 atu 
provided with different heats to obtain 
either a flame of sharply limited shape 
rhe burner 
controlled 


20% 


operates 


it can be 


or a widely divergent one 

output can be steplessly 
from 10% of normal load to 
above normal load rhe 
a multiple-step-burner for 


second 
burner is 
the firing of several gases, and oil or 
pulverized coal singly or in any com 
bination. Oil and coal are injected 
through the center tube which 1s sur 
rounded by concentric tubes for air 
and gas (blast coke 
town) in alternate Baffles at 
the outlet give the fuel and air a ro 
tating movement to improve mixing 
been in- 


furnace oven 


tubes 


\ burner of this has 
stalled in a fire-tube boiler to replace 
he boiler output was n 


700,000 to 1,250,000 


type 


coal firing.T 
increased from 
keal/h, the thermal 
50-60 to 85-93 per cent and combus 
smoke 


efficiency from 


tion was without emission 


under all conditions 
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The Oil Ash Corrosion Problem. An 
Application of the Phase Equilibrium 
Approach. W. R. Foster. Research 
1959, 12 (May), 189-95 

By means of compatibility triangles 
the corrosive compounds present in 
the solid and molten state of oil ash 
have been identified. It is shown that 
free V.O; is rarely present but that 
the compounds Na,O-3V.05 and Na» 
O-V204¢5V20O; are of particular im 
portance with regard to corrosion 
It is believed that these findings will 
help research in further corrosion 
studies, especially the relative merits 
of various additives 


Furnaces and Combustion 


Theory of Flame Propagation. Y. B 
Zeldovich and G. I. Barenblatt 
Comb. and Flame 1959, 3 (Mar.) 
61-74 

A Russian study of previous work 
on flame propagation and a compari 
son of the various theories is pre 
sented \ numerical evaluation of 
the velocity of uniform propagation 
of flames has been carried out in which 
the effect of heat loss and chain reac 
tion is considered. Equations for the 
steady state propagation of flames are 
developed and limits of validity indi 


cated 


Simplification of the Combustion Cal- 
culation for Fuels of High Water and 
Ash Content by a New Characteriza- 
tion of These Contents. W. Gumz 
Gliickauf 1959, 95 (Apr. 11), 463-70 
(in German) 

For furls of high ash and water con 
tents it appears more useful to relate 
these to combustible substance and to 
state water, ash and mineral content 
as weight per weights of combustibles 
his simplifies the calculation, and 
simple but exact equations for heat 
loss are obtained Phe application ol 
the new equ ition to brown and bitu 
minous coals is demonstrated 


Testing an Air-Cooled Slag-Tap Ver- 
tical Combustion Chamber. L. A 
Bogdanov and B DD. Katznelson 
Combustion 1959, 30 (Apr.), 57-62 

\ translation of a Russian paper on 
the design and operation of an air 
cooled vertical cyclone chamber with 
gas outlet at the bottom 


Water-Side Corrosion and Water 
Treatment 


Treatment and Control of a Boiler 
Feed Water: New Interpretations. 
E. C. Potter J. Inst. Fuel 1959, 32 
May »18—24 

Ihe necessity for deaerating feed 
water and making it alkaline are dis 
cussed and answered positively It is 
further argued that measurement of 
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.. INSTALL PNEUBIN PULSATING PANELS! 


PneuBin is a complete, quiet system, designed to produce 
flow by POSITIVE DISPLACEMENT of stubborn materials 
in concrete or metal storage bins and hoppers. 
Many leading industrial plants and public utilities have 
found PneuBin to be the answer to their coal-flow problems. 
For complete information and FREE illustrated literature, 
Write: 


pel doce 


DIVISION OF GEROTOR MAY CORPORATION 
COCKEYSVILLE, MARYLAND 





MORE AND MORE PLANTS 
STANDARDIZE ON 


SUPER +3000 


(COSTS LESS IN THE LONG RUN!) 


SOUTHERN UTILITY — Reports that all 


ANOTHER of its plants have standardized on 


SUPER Super *3000—use it wherever a 


#3000 refractory mortar is required. 


Applications include: repair of baffles; 


SUCCESS 
REPORT tangential tubes; repair of eroded 


refractory surfaces; dust collectors. 





REFRACTORY & INSULATION CORP. 


REFRACTORY BONDING AND CASTABLE CEMENTS 
INSULATING BLOCK, BLANKETS AND CEMENTS 


124 Wall Street New York 5, N. Y,. 


pH should be replaced by that of pOH 
because this value 1s less dependent on 
temperature. The practice of meas 
uring the hydrogen content as a meas 
ure of internal corrosion is considered 
unconvincing. It is also felt that the 
British practice of over dimensioning 
tube wall thicknesses may lead to stress 
corrosion and there is both a maximum 
and a minimum safe tube wall thick 


ness 


Feed Water Treatment. FE. Schu 
mann. BWAK 1959, 11 (Apr.), 179-8 
in German 

\ brief review of the new specifica 
tions published in 1958, complete de 
mineralization, acid cleaning of boilers 
and cleaning of condensers 


Oxygen and Carbon Dioxide Corro- 
sion. P. Brindisi Combustion 1959 
30 (Apr.), 47-52 

The amounts of dissolved oxyget 
and CQO, in water and their corrosive 
attacks are considered and the reac 
tions these gases undergo with various 
substances added to reduce or elimi 
nate them from water and steam are 


discussed 


Gas-Side Corrosion and Deposits 


The Variation with Temperature of 
the Catalytic Activity of an Oxidized 
Stainless Steel Surface in the Oxida- 
tion of Sulfur Dioxide. R. S. Fielder 
P. J. Jackson and E. Raask Fuel 
1959, 38 (Apr 257-8 

In preliminary experiments on the 
question of the possible catalyti 
activity of oxidized steel superheater 
surfaces in the oxidation of SO. t 
SO; it was found that above 4570 (€ 
(1058 F) the percentage oxidation in 
creased steeply Chis is possibly due 
to a change in the nature of the oxide 
layer on steel. Further work to clarify 
this and other points is in progress 


A Theoretical Analysis of Thermal 
Surface Fouling. D. Q. Kern and R 
E. Seaton. Brit. Chem. Engng. 1959 
4 (May), 258-62 

rhe physical and mathematical 
relationships between allowable pres 
sure drop and the accumulation of dirt 
with time are presented and illus 
trated by numerical examples 


Flue Gas, Ash and Dust 
Ash and Slag. W. Gumz BWA 


1959, 11 (Apr.), 178-9 (in German 
A review of recent papers on ash and 
slag studies and their utilization 


Flue Gas Dedusting. P. Noss 
BWK 1959, 11 (Apr)., 176-8 (ir 
German) 

Developments of improved ele 
trodes for electrostatic precipitators, of 
wet scrubbers for fumes from con 
verters and of combined scrubber and 
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precipitator plants are reviewed 


Selective Particle Acceleration. ew 
Dust Collector Features Maaae 
Principle.’’ Anon. Gas J. 1959, 298 
Apr. 29), 212 

A centrifugal type dust collector is 
described in which the gas is acceler 
ated toward the operating zone to six 
times its entry velocity by the helical 
guide vanes and the rapidly diminish 
ing entry section rhe cleaned gas 
emerges through the inner outlet tube 
at the inlet end and the concentrated 
dust at the other end. It is claimed 
that 80 per cent of particles of 5 u size 
and 93 per cent of particles of 10 yu 
size are collected 


Heat Recovery Plant 


A Simplified Regenerator Theory. 
W. F. Schalkwijk J. Engng. for 
Pwr. 1959, 81 (Apr ), 142-50 

Equations for calculating the effi 
ciency of regenerators have been de 
veloped for the symmetrical case in 
which the parameters have the same 
values in both directions of gas flow, 
and also for the general case 


Systematic Studies of Heat Transfer 
and Flow Resistance of Finned Tubes, 
a Contribution to the Use of Special 
Tubes in Gas-Cooled Reactors. G 
Grass and F. P. Coenen. Atom 
ernenergie 1959, 4 (Feb.), 41-8 (in 
German) 

rhe influence of tin height and dis 
tance and Re number on heat transfer 
ind pressure drop has been studied 
and the results are presented in graphs. 
hese should make it possible to ar 
rive at optimum dimensions 


Power Generation And Power Plant 


Brown Coal Firing. H. Lenkewitz 
BWK 1959, 11 (Apr.), 173-5 (in 
German) 

Developments in mill, burner, dry 
ind slagging furnaces and electrostatic 
precipitators, for brown coal boilers 


Application of Supercritical Steam 
Parameters at Thermal Power Plants. 
K. A. Rakov Teploenergetika 1959, 
May), 22-8 (in Russian 

The possibility of reconstructing 
existing power plants for operation at 
supercritical steam parameters and 
the re-equipment of medium pressure 
plants to those with supercritical 
steam parameters are considered 


The Garigliano Nuclear Power Sta- 
tion. Anon Niue Kngng. 1959, 4 
May), 220-3 

The 150 MW boiling water reactor 
by International General Electric 
Co. for erection in Italy is described 
Details include the pressure vessel, 
core and fuel elements, turbogenera 
tor and safety provisions 
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Control room at Shippingport Atomic Power Station. Bailey Instruments 
for the primary system and Bailey Instruments and Controls for the steam 


system are located on this control panel. 


Bailey pioneers the control of... 


ATOMIC STEAM POWER PLANTS 


This control room is the center of operations for the 
world’s first full-seale atomic, electric power plant 
devoted exclusively to civilian use —the Shippingport 
Station, jointly owned by Duquesne Light Company 
and the Atomic Energy Commission. 

Here, as well as on the atomic-powered submarines, 
are Bailey Instruments and Controls performing 
dependably hour after hour, month after month. 

In conventional power plants, too, Bailey Meters and 
Controls are standard equipment. Bailey is the choice 
of virtually all the most efficient plants on the Federal 
Power Commission’s heat rate report. Here’s why: 


1. A Complete Line of Equipment 
You can be sure a Bailey Engineer will offer the right 
combination of equipment to fit your needs. Bailey 
manufactures a complete line of standard compatible 


pneumatic and electric metering and control equip- 
ment that has proved itself. Thousands of successful 
installations involving problems in measurement, 
combustion and automatic control are your assurance 


of the best possible system. 


2. Experience 
Bailey engineers have been making steam plants work 
efficiently for more than forty years. Veteran engineer 
and young engineer alike. the men who represent 
Bailey, are storehouses of knowledge on measurement 
and control. They are up-to-the-minute on the latest 
developments that can be applied to your problem. 


3. Sales and Service Convenient to You 
There’s a Bailey District Office or Resident Engineer 
close to you. Check your phone book for expert engi- 
neering counsel on your steam plant control problems. 
A136-1 


instruments and controls for power and process 


BAILEY METER COMPANY 


1025 IVANHOE ROAD 


° CLEVELAND 10, OHIO 


in Canada—Baliey Meter Company Limited, Montreal 
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When you need 


2) for 
a tough job... 


INDUSTRIAL 
PROCESSES 


BOILER GAS 
RECIRCULATION 


ORE SINTERING 
EXHAUST 


ROTARY KILN 
EXHAUST 


BLACK LIQUOR 
INDUCED DRAFT 





UES 
INDUCED DRAFT 


STEEL MILL 
FURNACE 
CIRCULATLON 








Westinghouse offers you a Heavy-Duty Fan... 
the right type...the right size...the right blading 


Remember this: American Industry invests 

more in Westinghouse Heavy-Duty Fans than in > 

‘ , > a= * 
any other YOU CAN BE SURE.. FITS 
Call your nearest Sturtevant Division Sales Engi- 

neer, or write Westinghouse Electric Corporation, WV cst i n igh Ouse 


Dept. H-3, Hyde Park, Boston 36, Massachusetts. 


Headquarters at Hyde Park, Mass. + Plants at 
Hyde Park - LaSalle, Illinois- Berkeley,California 


J-80662-1k 
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FLUIDICS 


is a Pfaudier Permutit program providing 
the know-how 
the equipment 
and the experience 
for solving problems involving fluids. 


Patented Permutit internal Direct 
Contact Vent Condenser .ev07 sts 
Concentrates and exhausts won con 
Gensable grses trom pre heater sex 

then to maintain masinum steer 
temperatures. High efficiency re 
duces steam vent rete 


FLUIDICS AT WORK 





New deaerators guarantee 
less than 0.005 mi/! oxygen 
at all loads 


This is the new Permutit Type B 
Deaerator. Both horizontal and ver- 
tical designs hold oxygen to 0.005 
ml/l at all loads up to a peak of 
150,000 Ibs/hr. 

No trays to be removed or cleaned. 
Tubeless internal vent condenser 
eliminates tube cleaning, also. 

30,000, 50,000, and 70,000-lbs/hr 
horizontal units are available from 
stock. They come as packaged units 
with all internals, including sprays, 
completely assembled. Pre-fitted 
float-cage and gauge-glass piping 
further simplify installation. 


PFAUDLER 
PERMUTIT 
INC. 


Permutit cone spray design © 
reases weter surtace exposure 
heats cold water aimost tc 
steam temperature in 6 frac 
on of 8 second 


Per mutit steam scrub- 
ber produces maxi 
mum steam to water 
ontact at all loads 
High velocity initet 
steam collides with 


> 
Deaerated 
Water 


Capacities from 150,000 to as 
much as 3,000,000 lbs/hr are avail- 
able in Permutit Type A Deaerators. 

For more information, write to our 
Permutit Division, Dept. CO-89, 50 
West 44th St., New York 36, N.Y. 


Fluidics covers such varied phases of 
fluid handling and control as: 


drying 
blending 
metering 
valving 


corrosioneering 
water treatment 
waste treatment 
reactions 





ion exchange 
gas analysis 
agitation 


piping 
pumping 
storing 


Whenever you have a fluid-handling 
problem, look to this Pfaudler Per- 
mutit FLUIDICS program for the 
best solution. 


Specialists in FLUIDICS... the science of fluid processes 





Advertisers’ Index 


Air Preheater Corporation, The as 
American Brass Company : 
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Bailey Meter Company 
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Koppers Company, The 


Leeds & Northrup Company... 
Leslie Co 


spesine. Maxwell & Moore, 


Maryland Shipbuilding & Dry- 
dock Company 

W. K. Mitchell & Company.... 

Morton Salt Company 


Nalco Chemical Company..... 


Peabody Engineering Corpora- 


Pennsylvania Crusher 
Bath Iron Works Corp 
Pfaudler Permutit, Inc 
Pittsburgh Piping & Equip- 
ment Company 
Powell Valves 
Henry Pratt Company 


Refractory & Insulation Cor- 
poration 
or Gauge Column Com- 


Research-Cottrell, Inc 
Richardson Scale Company... 
Rohm & Haas Company 


Standard Tube Co., The and 
Michigan Steel Tube Prod- 


Stock Equipment Company... 


Sumco Engineering, Inc 
Sy-Co Corporation 


Todd Shipyards Corp., 


Unafrax Construction Co 
Valley Camp Coal Co 


Western Precipitation Corpora- 


Westinghouse Electric ~riant 
ation, Sturtevant Div.. 
Worthington Corporation. 


Yarnall-Waring Company..... 
Yuba Consolidated Industries. 


Largest Merchant /ron Producer in U. S. Chooses 


WHIRLEX ID FANS 


High Erosion Resistant 
Fan Wheel Assures 
Longer Life... 
Minimum Maintenance 


The largest furnace in 
the country producing 
merchant pig iron was re- 
cently placed in service as 
part of an expansion pro- 
gram by a major Southern 
mill. The new furnace has 
a rated capacity of 1000 


tons per day and is one of 


the most modern in the 
country with respect to 
mechanization and auto- 
matic controls. 

Because of their unique 


design and high erosive 
resistance, WHIRLEX 
heavy duty induced draft 
fans were chosen to handle 
the hot blast furnace gas. 
The three units shown 
here carry approximately 
150,000 cubic feet of gas 
per minute. Preliminary 
fan examinations show 
wear to be less than a 
third that of ordinary fans 
designed for this purpose. 
A Whirlex fan installation 


may solve your problem. 
Write or wire us. 


Fly Ash 


Arrestor Corp. 
203 North Ist. Street 
Birmingham, Ala. 











COMBUST IO N—August 1959 








iON EXCHANGE RESINS aid transistor production 
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Dual-bed deionization system at 
Western Electric Company, 
Allentown, Pa., uses 

Amoerurte IR-120 cation exchanger and 
Amsberute IRA-400 anion exchanger. 


® 
& 


AMBERLITE-deionized water meets critical specifications 


at Western Electric Allentown Works 


successive distillations in quartz to equal 


It would take 28 
ered by ion exchange at the Allentown, Pa., 


results being delis 


Works of Western Electric 
Deionized water is used in the preparation of acid and chemical 


for washing and cascade rinsing during the 


transistors and semi-con 


solutions and 
manufacture of electron tubes 
ductors. The presence of even minute quantities of metal 
impurities could seriously affect the pe rformance of these 
critical electroni parts 


Two grades of deionized water are provided; water from 


the Allentown City System pas 
Ameperuite IR-120, cation exchange resin, and then through 
AmperuitTe IRA-400, anion exchanger, to provide water for 
plant. Conductivity of the water 


through a bed of 


most requirements of the 
is reduced in one pass from 250 to 300 micromhos to less 
Phis semi-automatic unit has a capacity of 120,000 


The treated water is delivered 


than 2 


gallons between regenerations 


to work stations under a constant head by 


, 
a recirculating 
stainless steel grid 

Where water of minimum conductivity is needed, MoONoBED 
units containing a mixture of AmBERLITE IR-120 and IRA-410 
ire used to polish this deionized water, providing a 40-gallon 
per hour flow of water with a conductivity of 0.2 micromho 
These 4-inch diameter cartridge units are removed 
location in 


or less 
upon exhaustion for regeneration at a central 
the plant 

Consult your engineering company experienced in’ water 
conditioning on how AMBERLITE ion exchange resins may 


help you. Write for a copy of our booklet “If You Use Water”. 


64 


MONOBED deionizers containing a mixture of 
AMBERLITE IR-120 and IRA-410 provide water 
with a conductivity of less than 0.2 micromho. 


AMBERLITE and Monopep are trademarks Rey. U.S. Pat Off. and in 


prim tpal Jore ign ¢ ountrie 


Chemicals for Industry 


Ide ROHM €& HAAS 


COM PANY 
THE RESINOUS PRODUCTS DIVISION 
Washington Square, Philadelphia 5, Pa. 
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more THAN OSO IBSOO 


2500 


DIAMOND 
MULTI-PORT 
GAUGES 


In use and on order 


MODEL MP-3000 SHOWN 


For boiler pressures to 3000 psig 
For both new and old boilers 


for over 
Central Station 


Generating Plants 


STEAM SHOWS RED 





- WATER SHOWS GREEN 


Because the Diamond Multi-Port solves the 
problems inherent in water level gauges 
on boilers operating at high temperatures 
and pressures, and has made startling re- 
ductions in maintenance costs, it has had 
rapid and wide acceptance. In addition to 
the 2500 for central station generating 


plants, more than 200 have been sold to 
industrial power plants. 

Advantages of the Multi-Port are many. 
In addition to those shown above, it has 
maximum thermal stability for rapid start- 
ing... ‘‘Hi-Lite’’ illuminator for improved 
readability . . . welded construction for per- 
manent tightness ...end stems can be 
furnished instead of flanges. 

Write for Bulletin 1174 (Model MP-3000) 
or Bulletin 2044 (Model MP-1050) for more 
information. 
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The new high-pressure hydraulic tool, shown above, 
is currently saving thousands of dollars for companies 
in the refining, chemical, and petrochemical industries. 
It is the jetting tool developed by Dowell to remove 
deposits from heat exchanger tube bundles. 

Previous methods of cleaning these bundles have 
been costly, time-consuming and often inadequate. 
Many times bundles had to be replaced completely 
because of the lack of a suitable cleaning method. 

This new Dowell tool has a remarkable record of 
thorough, fast cleaning. For example, a slurry reboiler 
exchanger bundle, three feet in diameter and 16 feet 
long, was fouled with deposits of coke and asphalt. 
After being jetted from only one side, the bundle was 


Chemical cleaning service for all industry 
DIVISION OF THE DOW CHEMICAL COMPANY 


Sundies 


thoroughly clean. Time required: less than one hour. 

The tool holds the bundle in place for cleaning 
and has flanged rollers for rotation. The jet-head is 
manipulated automatically so that all tube spaces are 
covered. The jetted liquid can be either water or 
chemical solvents. 

This high-velocity jetting device is another ex- 
ample of the new ideas Dowell continues to offer in 
chemical cleaning to help you cut your costs. Whatever 
the cleaning problem in your plant, call Dowell for 
an engineered recommendation. Dowell — the largest, 
the oldest, the most experienced chemical cleaning 
service Tulsa 1, Oklahoma; and 165 stations and 
offices in major industrial centers. 
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